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Prototype production processes have been demonstrated feasible
for preparation of glass flake resin premixes and subsequent
fabrication of parts by compression molding, transfer molding,
calendering and centrifugal casting, Laminates have exhibited
physical proerrties in most instances superior to reported
characteristics of many glass reinforced premixed systems.
Processing prem±Ned systems by either compression molded pre-
forms (dry blar-.`a) or calender orientation (wet blends) yields_
laminates haviiia excellent appearance, free of voids wrinkle.s*
opalazcant a L3L-,, di•buienLed areas, and other visible tiaws.
Preforms of dry blends can be compression molded into simple
shapes which retain the properties of the preforml calender
oriented sheets can be compression molded or centrifugally
cast into more complex shapes with equal results, Investiga-
tLions of variables to determine factors influencing physical
properties resulted in major efforts in screening of commercially
available resin systems, and detailed studies of flake size
breakdown duriny processing.

Economic and reproducible methods for premix preparation were
developed based on the use of an Abbe blender for wet mixes and
a Patterson-l'elley V blender for dry materials. Othec techniquies
investigated but less satisfactory were plenum chamber coating,
solvent cuating and centrifugal blending. Processing techniques
of extrusion, rotational molding and two roll milling were
demonstrated impractical for processing glass flake resin premixes.

Resin classes investigated included epoxies, polyesters, phenolics
and silicones. Epoxy and polyester resins are readily mixed and
processed to complex shapes. Strength and visual characteristics
of the epoxy systems were superior to polyester laminates. Phenolic
and silicone resins produced poor appearing or uncured moldings.

Seven complex shapes, including missile fins, ablative nose cones,
Davy Crockett nose cones, practice windshields, exhaust nozzles,
electronic gates and electronic circuit frames were molded success-
fully in production equipment from 50% and 70% glass-epoxy resin
premixes, and 50% glass-polyester resin premixcs.
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1.

X. Introduction

__ ___ ______- -Aircraft-and-space-h~rd•-equir-ments demand stEructural

materials possessing high tensile strength, low density and a
high flexural modulus. Further, a isignificant requirement is
that these properties be nearly equal in all directibns.

Glass flake reinforced laminates possess high flexural modu-
lus which is approximately proportional to the glass content.
The tensile strength to weight ratio of these laminates is equal
to or higher than most other structural materials. These factors,
together with the nature of glass flake-resin mixtures, led to
the determination of the feasibility of processing mixtures and
fabrication of complex shapes using automatic machinery, rather
than hand fabrication, which is the general method for preparing
glass cloth reinforced structural plastics.

Early studies of glass flake laminates indicated major diffi-
culties in obtaining sound structural pieces would be encountered

"-.--with_ incomplete-wetting or coverage.-of -glss,- flake- by -the- resin
____ton-o and-,

S... ..-Thrugh carefully controlled experimentation-, techniques were.
---y10 fedW1iCh b-varcamc -Zof tbeas ahartaoffiliýs now vari-
able, the non-uniformity of glass flake, and its degradation of
particle size through processing appeared as the major contribu-
tihg factor to high strength in laminates prepared using commer-
cially available resins. While two processes having commercial
potential were developed for fabrication of end items without
additional flake. degradation, the breakage experienced in preparing

* flake resin premixes controlled the ultimate strength of the
laminate.

This study concerned itself with the relative value and use-
fulness of epoxy polyester, phenolic and silicone resin classes
as binders for giass flake. Most systems were evaluated at 50%
and 70% glass contents. Processing techniques investigated

.included mixing by Abbe blending, dry (Patterson-Kelley) blending,
plenum chamber spraying, solvent coating and two roll milling.
Fabrication processes included compression, transfer and rotation-'
al molding, calendering, extrusion, injection molding and cen-
trifugal casting.
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II, Conclusions

From the investigations, development effort and prototype
production process demonstrations undertaken, it is concluded
that..: -_

1. Epoxy resins produce superior premixes and are capable of
being fabricated into useful complex shapes by some conven-
tional plastic processing techniques,

2. Polyester resins can be premixed equally as well as epoxy
systems, however laminates in genaral have poor visual, char-
acteristics and lower strength.

3. Phenoli c systems yield poor laminates as a result of excessive
blistering,

4. Silicone resin cure cycles are difficult to control and-too
lengthy for economic processing.

l__ Premixes TnA~y -be pr pared ecoomica~-~jii~4 pIoa:s_ 2
sing using either an Abbe blender for wet premixes or a
Patterson-Kelley V blender for dry mixes.

2. Other mixing techniques are cumbersome, yield inadequate flake
wet out, excessive flake breakdown, and are more costly to
operate and maintain.

3. All mixing techniques investigated result in significant re-
duction in the size ok the glass flake. This breakdown
constitutes a major hindrance to obtaining high strength
laminates using ,conventional resins and processing techniques.

C FPabrication Technicues

1. The roller calendering process for orienting flakes prior to
molding permits consideration of the feasibility of glass
flake laminates in a wide variety of end products including
ablative heat shields as well as radornes, printed circuit
boards, and other items requiring unusual dielectric proper-
ties.

2. Standard production processes of compression and transfer mold-
ing yield complex shapes from glass flake premixes without
process difficulty. These aticles have strengths superior to
those fabricated from most commercially available premix ma-
terials.
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3. A centrifugal casting process shows promise for a wide range
of cylindrically shaped objects.

4. Roller calendering and centrifugal casting do not appear to
cause additional glass flake degradat.on over that resulting- f rom -m ixing.

5. --Additional glass flake breakdown is experienced in compression
and transfer molding of unoriented premixes.

6. A process Aor wetting out glass flake without degradation,
combined Sith a part fabrication technique based on calendar-
ing or centrifugal casting, is expected to yield physical
properties considerably higher than obtained -in these studies.

7. Glass flake premixe. do not perform satisfactorily in extrusion,
injection molding, rotational molding or two-roll milling
operations. Unuseable objects were produced during experimental
studies.

8. Calender oriented sheet, either wet or B-staged, should be
adaptable to-vacuum bag and pressurue•bag -molding :as •Wel.l as_•:• .•i .. ....... .•.... ........ compression mo lding':.n-.Id-,entr•if uga1-Catti•J gn-ax QU.. a -t . .. .

"" -• ... . . . .. .. c . . . .- • . • : • . . • .. _ . ,. . . . .

1. Using commercially available resins, strenghs of laminates pro-
duced in this program did not meot the target specifications.

2. Low strengths were attributed exclusively to the breakdown
in glass flake size zssulting from processing.

3. New resins and processes which do not cause reduction of flake
size are expected to yield laminates having higher strengths
than target specifications.
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III. Phase I -Li~tgr iuX.e lurvM

111.1. Summary of Prior Art

A comprehensive survey of the literature relative to the use
of glass flake in thefabrication of reinfOrced-.plashic-aminates- ......- .......
was made prior to initiating laboratory and pilot plant studies.
The use of flake-glass reinforced laminates has the potential of
high modulus, uniform strength in all-directions, low moisture
permeability and higher glass loadings than the common fiber glass
and glass cloth reinforced laminates. Tensile strengths, however,
are much poorer than in fiber glass and glass cloth laminates.
They range to a maximum of 29,000 psi. (7)

Of the various resin systems investigated, epoxy resin binders
were reported to be the most satisfactory, i.e., to have the high-
eat strength properties. Phenolic, polyester and silicone resins
were all comparatively inferior to the epoxy systems.

Further refinement in optimizing strength properties of flake
reinforced laminates generally appeared to lie in the following
approaches: (3), (8), (7), (6)

-- se'nceA-o abored ai bubbA M lda.-

c. Perfect parallelism of flakes within the laminate.

d. Accomplishment of a constant and minimum resin binder thick-
ness (less than 60 microns) combined with a complete wetting
of flakes by the resin. (At high binder thicknesses, resin
failures alone have been noted. Decreasing this thickness
allows increased contribution of stress acceptance by the
flake glass which possess very high tensile strength.)

e. Use of a glass flake of predetermined size or diameter to

thickness ratio (generally agreed to be 400-1000).

f. Use of low shrinkage resins.

111.2. Backaround

A continued interest within the military for reinforced plastic
structural materials, led to the investigation of flake glass as
a reinforcing material principally because a higher strength to
weight ratio is conceivably possible. In addition, a glass flake
in a composite can theoretically provide a multi-directional
stress acceptance as opposed to a glass fiber or a glass fabric
composite having only uni- and bi-directional strengths
respectively. (3)
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A higher modulus of elasticity, due to fewer degrees of free-
dom, could also be expected from a glass flake reinforced laminate.
Furthermore, size considerations allow a higher loading, or weight
of glass flake per unit volume of laminate, Which theoretically
could result in higher strength _roprt esofthgel~inae.,_

Tests have shown that the flake glass laminates are extremely
good barriers for preventing-diffusion of water and solvent vapor
(almost as effective as aluminum foil). (6)

Considering mentioned propertes, applicability of this ma-
terial is-extensive. Suggested military applications are:

a. Rocket exhaust nozzles.
b, Rocket.cases.
c. Rocket finis,
d. Aircraft and missile radomes.
e. Moisture barrier and corrosion-resistant coatings.

"" 1 .3.1 _2la]ke Manufacture (1) (2) (3)

_Emhart, Armour Research Foundation• Linden Laboratoriesi nd-Owent---..corning iibergias corporation. The metbods deVTeloped-y &Y.

consist of stretching moltern glass into a film having inclined axes;
rolling glass beads, glass tapel blowing extruded ribbons~of glass,
and drawing tape from a lip. Narmco used techniques of feeding
fiber glass into a flame to develop molten beads and subsequently
rolling them into thin discs. Armour experimented with blowing
bubbles from molten tubing; flame spraying frit; and "enameling"
glass on various surfaces. Linden's procedure consisted of blow-
ing glass tubing. The method adopted by Owens-Corning was the
blowing of bubbles in molten tubing and crushing the bubbles into
flakes. This method was predominantly successful although it pro-
duced a-variety of flake shapes. These flakes had varying dia-
meters, irregular notched edges, and a slight curvature since they
were formed fgom a curved surface.

The strength of formed glass flakes and glass ribbons varies
inversely with the thickness. Individual glass ribbons of two-
micron thickness have yielded a tensile strength of over 200,000
psi. (2) (3) (7) (8)

111.3.2. Resin Premix - Process Technicues (1)(3)(6)(7)

Mixing and wetting the glass flake with the desired resin
binder is the major problem in the fabrication of laminates. This
has been accomplished by:

I. Hand kneading in a polyethylene bag.
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2. Mixing in an electric "kitchen" type mixer (some reduction
of flake size).

3. Spraying aerated flakes in a chamber fellowed _bymo-ding,__or-
____ - B~s~~ ~frr~b~r~i~iing.

4. Dry blending powdered, catalyzed and uncatalyzed resins fol-
lowed by molding.

5. Compounding a premix on a differential two-roll mill (reduc-
tion of flake size).

6. Mixing the composite in a Baker-Perkins mixer (appreciable
reduction of flake size).

7. Centrifugal resin and glass flake to form a composite.

Methods L, and 3-7, inclusive, had been performed by Olin
Mathieson in work pursued prior to the award of the subject con-
tract.

. . .- .....----- Prob~lemt� hat--have--ben--recurrent- with- most- fhbricda - -oi
--- - -1 ~ ------

S.. .. . - _ - - - - 1•,- bubbla f l IM

2. insufficient coverage of glass flake with resin,

3. Non-parallelism or misorientation of individual glass flakes
in the lmninate.

4. -Variation of resin binder thickness.

5. Accurate control of glass content in final laminate.

111._J.3,- _LoiaDte Properties

Strength properties of laminates have been reported to be fa-'
vorably affected by a flake having a high ratio of diameter to
thickness. Laminates prepared from classified mixtures of glass
flake (-10 mesh +50 mesh) have shown higher tensile strength.
Some data are anomalous, as those in a report of work performed at
Narmco (October 1960, Quarterly Report 02, Contract AF 33(616)-
7195) which showed that tensile strength of flake reinforced
laminates composed of flakes with average diameters of 200-4,000
nicrons had no relationship to flake size.

Ideally, a flake having a perfectly uniform diameter and thick-
neuss witb completely parallel edges, and no included strain or
Surface flaws, would be desired for use; however, no such material
has been produced. Surface treatments to anneal flaws or to etch
t1akes have resulted in poor laminateas Heat-treated glass shows
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some evidence of improving laminate strengths although more work
is required to prove/this system. Surface treatments of glass
flake with bonding zgents have not materially affected the proper-
ties of laminate made with epoxy resins. Data on surface treat-
ments of glass flake with bonding _agen-tsoruse.with-othe--- esi-n
6iiis1s-- polyester, silicone, phenolic) are limited and generally
appear to indicate a deleterious effect on laminate strength.

Epoxy resin binders combined with polamide gave the best
strength characteristics of flake-reinfoiced composites. The strong
polar adhesion of epoxy resin functional groups to the hydroxyl
groups of the glass flake is obviousl)y important in this well known
wetting action of epoxy resins with glass. Epoxy resins, When
warmed, gave low viscosity materials Which had the besti wetting
characteristics. Strengths obtainable with epoxy-type l esin binders
were, (7)

1. 26,000 psi max. tensile strength /

2. 54,000 psi max. compressive strength "

3. 47,000 psi max. flexural strength - ... __

- --.t -- e-±y e .. -) w.realls•i i

" Phenolic o resin binders had an added disadvantage
namely that of formation of volatile material during curing. (1)(7;

Diallylphthalate resin binders used did not cure auffici-
ently. (6)

UXI. .- COnIlusions

The glass flake reinforced laminate has exhibited higher
modulus properties than common reinforced laminates. The tensile
strength of the prepared samples are relatively poor (a maximum
of 29,000 psi). Most of the work has been performed with epoxy
resin binder systems.

The potential of this novel reinforcement cannot be fully
realized or evaluated because of major mechanical processing limi-
tations in the present state of the Art. Crude blending techniques
used to coat glass flake with resin have all exhibited serious
shortcomings which have resulted in major decreases in laminate
physicals. Molding parameters were relatively unknown and all
empirical in nature.

The laminates tested have generally been of poor quality and
therefore data obtained has been considered to be a value which
can be sucpassed. Almost all tensile specimens have exhibited a
tendency to fail at a fault or imperfection in the laminate.
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IV, Phasg II Invastjt;.t.ionrof Proddction Methods

XV,!,.. Backcround
__I n e stabl~ishiagthe__echno~economic._feas ibi lity--of-produc..... --- •- ...-

tion methods for glass flake reinforced laminates, Phase 1I of
the contract was devoted to experimental and pilot plant studies
of mixing and fabrication techniques. These investigations were
carried on- throughout the contract period, concurrent with and
in succession to Phase III, "Fabrication of Selected Samples."
Major problems concerned with visual appearance of early speci-
mens, and low strengths of laminates, led to extensive investi-
gations of variables and corrective actions.

Discussion pertinent to 'work performed in Phase UX has been
divided into five subsections as follows.

1. Cast Resin Systems
2. Blending Techniques
3. -Premix Processing
4. Molding-Techniques
"5. Characteristics of Processed GlassFlake

Investigations of unreinforced resin systems-were made to se-
lect candidates offering the greatest potential compatability with
glass flake in fabrication of high strength laminates. A total of
51 epoxy systems, 11 polyester systems, 15 phenolic, nnd 9 silicone
resins were screened. In these studies the obvious superiority of
epoxy systems was noted which led to the use of this resin type
for process screening studies.

Blplding Techniques

Methods studied in efforts to produce high quality glass flake
resin mixtures included Abbe mixing, dry blending, plenum chamber
and solvent coating, two-mill coating and centrifugal mixing. Af-
ter exhaustive studies, Abbe mixing was selected as a reproducible
process for making wet resin blends, and a Patterson-Kelley V
blender was determined to be adequate for dry resin mixtures con-
taining glass flake,

Premix Processing

Early experimentation demonstrated the need for development
of premolding processing to eliminate flaws in laminates resulting
from molding bulk premixes. Dielectric heating, extrusion, injec-
tion molding, compression molding and calendering were investigated
as methods for preform preparation. The most successful technique
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developed was bzvaed on the calon r;i-i op_.rnation in which glass
flake was oriented without degradation of particle size. Promixes
could be processed into either wet or B-staged shects throughout
this process.

Detailed pilot studies of molding processes included investi-
gations and evaluations of compression and rotational molding as
well as centrifugal casting. Experience with compression molding
led to tho decision to study molding in production equipment.
While both compression and transfer molding proved adaptable with
bulk premixes, superior laminates were obtained from calendered
sheets processed by compression molding and centrifugal casting.

Characteristics of Processed Glass Flahke

Evaluation of laminate properties indicated variables other
than orientation of flake and resin thickness to be limiting. A
comprehensive investigation of glass flake particle size reduc-
tion demonstrated a controlling influence on ultimate laminate
strength.. Fabrication techniques (calendering and centrifugal" . casting) were.. deoveloped which contributed negli_%ible breakdcwnj

___v __ breakd-jowni_ Be

IV, 3. E~rret1Dt~

Iy.iC,_l_ Cast Resin Systems

Resin systems from epoxy, polyester, silicone and phenolic
classes were screened with emphasis being placed on systems having
inherent high strength. The epoxy resins having shown the most
promise in the past for high strength glass laminates, were se-
lected for most initial process studies. The hardener systems
were chosen with the blending technique and the final fabricating
mode in mind. Viscosity, pot life, and the exothermic nature of
the curing cycle were also considerations.

In all cases, choice of resin systems and formulations were
restricted to solventless systems because of known impermeability
of the glass flake in the final laminate, which causes extreme
difficulty in removal of mechanically bound solvent molecules
during curing cycles.

A summary of cast resin systems that were tested is presented

in Table 1.

The curing agents considered have been of several typest

a. Catalytic (i.e. promoting self-polymerization of the
rosin).
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U. Po) ,functLioni 1uriui agcints (active. hvydro'en oi-
curi.ng aucnt roacts or acijs to eroxidh ring o1f

1. Aliphatic polyamines
2. Modifi d a i h ic ol mi e .. . .. ...... ....... . . . . ..
3. Aromatic polyamines
4". Anhydrides and polyfunctional acids

The boron-trifluoride monoethylamine (BF MEA) complex was
chosen because it imparted long pot life to t•e resin used. Dif-
ficulty was experienced in the curing of the BF3-I4EA systems.
Other catalytic curing agents gave too tihort a pot life at room
temperature. Type bl agents were neglected for the same reason,
Type b2s modified aliphatic polyarnines, also have short gel time.
However, a commercially available polyamide, Versamid 115, was
evaluated and showed-interesting elastic properties. m-Phenylene
diamine, type b3, has been used extensively because it imparts
good physical properties. Additionally, it formed B-stage resins
with good stabilities. Hexahydrophthalic -anhydride, type b4, offers
an excellent pot life and retention of physical properties at
elevatod temperaturesas do most of the'anhydrides and ly

-.. ~ ox ~s~ins- -chosen vary- i-n -vhmioal -structure7 wolacii~r
weight anrd poxide equivalent wei•gt from the di-glycidyl ether
of bin-phenol to di-epoxide structure.

Testing on cast epoxy resins and all others presented here
has been in accordance with current ASTM Standards.

The formulation studies conducted were used as an aid in
screening out resins having too low a tensile strength and brittle-
ness combined with poor wetting factors as evidenced by high vis-
cosity, and high surface tension.

Peroxide catalysts wore predominantly used for polyester sys-
tems. Benzoyl peroxide was used because of its long pot life at
room temperature. Other catalysts such as methyl ethyl ketone
peroxide, ditertiary butyl peroxide, (low temperature catalysts)
were also evaluated, Polyester resins chosen are standard styrene-
modified, unsaturated resins, (i.e. the polyester produced from
reaction of maleic anhydride and diethylene glycol).

Dicumyl peroxide is an acceptable curing agent for the chosen
silicone systems. The Dow-Corning resins chosen were the recently
devolopcd solventless resins.

Ilexamethylene tetramine is used as a standard catalyst with
phenolic formulations. However, very few phenolics are prepared
conuaircially as solventless systems. One such solventloess system
was obtained from Union Carbide Chemicals Company. Strong exo-
thermic curing and overcuring were observed combined with a short
pot life.
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IV.3.1.1. Discussion of Resin Testing

Table 1 presents the physical properties of resin systems
which were tested. The resins were prepared with the desired

-. hardner- in acordnce-wth-thresin orscatatyst innu-
facturers' recommendations. In most cases, the uncatalyzed
resin was degassed at a vacuum of 0.2-1.0 mm, Hg. unless the
resin had an appreciable vapor pressure and would lose monomeric
material under reduced pressure, This technique of degassing.
resulted in relatively bubble-free castings.

The mixed catalyzed resin was then cast into sheets
10" x 10" x 0,135-0,160" thick and 7/8" x 7/8" x 6" bars which
were later machined to 1/2" x 1/2" x 5" bare for heat diotortion
bars and 1/2" x 1/2", x 2-1/2" notched bags for impact testing.,
All systems were gelled at room temperature or slightly above
when using a high temperature catalyst. Thereafter, bars and
sheets were subjected to time and temperature heat-curing and
post-curing cycles.

During the program,. it was discovered that thicker bars
:ur.--a-~-~ff~en~ r -esand the..: exothermic- -reaction -in -the---------

unsuitable for. teting, -Since considerable- time would have_..on,
a,9nz-I~n raforiu-la-ting resib r- 6Iiddtiftn~i ~~

cure cycles for the thiok bars, many of thq resin systems were
not re-examined in the thicker dimensions. Tensile strength
s•rved as an effective indication of proper cure accomplishment.

Tensile strength data reported are in general agreement
with manufacturers' specifications. Tensile value for some of
the systems were not supplied by resin manufacturers. A spread
in tensile values obtained is due in part to sample preparation
technique. For example, in early samples micro-nicks were formed
in many samples when the double-fluted "Tensilbit" was used to
shape tensile specimens. Changing to a diamond plated "Tensilbit"
htis almost entirely eliminated the problem.

I:V. 3, 2,s TestrProcedures

Test procedures used to evaluate cast resin systems were
ASTM method,

L__Tonaile Strength - ASTM D638-58T

Tensilbars were prepared by band sawing resin strips from cast
sheet followed by milling in a Tensilbit Machine equipped with
it No. 51-702T double-fluted carbide tipped Tensilbit.

This Tensilbit was later replaced with a 51-700D diamond
plated Tensilbit, which prepared essentially nick-free specimens.
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Key to Table I

Formulatione

Epoxide-and-Di-epox-ide- Res-in

E828 - Epon 828 - Shell Chemical Company
JD510 - Epi Rex 510 - Jones Dabney Company
JD504 - Epi ReS 504 - Jones Dabney Company
U201 - Unox 201
U206 - Unox 2206 - Union Carbide Chemicals Co. (diepoxides)
U207 - Unox'207

Polyesters

L4128 -Laminac 4128 - American Cyanamid Company
V156- Naugatuck Chemical Company

Silicones

DC7145 - Dow-Corning Company
DC7 146 - Dow-Corning, Compan

C7541 - ERB 7541 - Union Carbide Plastics Co.

ggrTingAcentg

MPD - Metaphanylenediamine - Allied Chemical Co.
BF3-MEA - Boron Trifluoride Mono-ethylamine Complex -

Her shaw Chemical
V115 - Versamid 115 Polyamide Resin - General Mills Co.
HHIPA - Hexahydrophthalic Anhydride - National Aniline Div. -

Allied Chemical
AMBA - Alpha Methyl Benzyl Amine - Union Carbide Chemicals Co.
1,2,6 Hex- 1,2,6 Hexanetriol - Union Carbide Chemicals Co.
DMP-1b - Accelerator -- Rhm and Haas Co.
MA - Maleic Anhydride - American Cyanamid Co.
TMP -Trmethylol Propane - Heden Newport Chemical Co.
BENZ. P - Benaoyl Peroxide - Harshaw Chemical Co.
HEXA - Hexamethylene Tetramine - Matheson, Coleman and Bell Co.
DICUP - Recrystallized Dicumyl Peroxide - Hercules Powder Co.
LP-3 - LP-3-polysulfide resin (Flexibilizer) - Thiokol Chemical Co.
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Tensile strength determined on a Tinius Olsen Plastiversal
Machine - separable (S-2) and nonseparable (U-2) strain indicators
used.

2. Tensile Modulus

Calculated by obtaining the slope Ofthe load vs. -elongation
curve and multiplying by the- ratio of gage length to cross-
sectional area. In cases where the nonseparable extensometer
was used, all modulus calculations were made at 50% of ultimate
elongation by approx:imating a line parallel to the curve at that
point and passing thirough the origin (0 load, 0 elongation).
In some cases, a separable oxtensometer (S-2 strain instrument)
was used for recording load elongation data of the cast resins,
In those cases, a line passing through the origin tangent to the
curve was used in calculating modulus values.

Heat Distortion Temperature

Cast bars were machined to the requ-ired-I/2" x 1/2" *S5W . ... i f-
d.... ± slI,,-, TtS were run -n- accord&affe with ASTM specifications.

4. Izocd LLr•ck_-1otch1Ldj

ASTM Test D256-56

Cast bars were machined and notched in accordance with ASTM
recommendations. Impact tests were conducted on a Tinius Olson
Change-O-Matic Impact Tester.

IV. 3. Conclusions

The information on cure and resin handling characteristics
which was obtained during this phase of the program was used
throughout the program. Without prior knowledge of viscosity,
process ability and pot life of particular resin blends, the
completion of the program would have been difficult. In addition,
comparison of physical properties and determination of effec-
tiveness of flake reinforcement would have been impossible.

Based upon data obtained in this study, several representa-
tive resin-cure systems were chosen for each of the four resin
types under consideration.
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The Jones Dabney 510-MPD system was used as the basis of
most of the epoxy resin systems in preference to the Epon 828
or Unox resin systems. Epon 828 was not used because of detri-
mental dermatitis reactions experienced by contract personnel.

- -- ___ tnox_20-7-,- -Unox---20 1-HHP-j-DMP-l10syste I-WWSf6 usedd -w1iiiere long
pot life was a requirem.pnt.

The polyester resin system chosen because of optimum
handling conditions was Laminac 7128-deoarp (dicumyl peroxide)
an improved version of Laminae 4128.

A solid phenolic resin RI 4009 was used for dry blending
after the flake laminatesaprepared with the liquid C-7541
were proved to be of poor quality. The dry, pulverized RI 4009
was not evaluated as a solution casting resin.. .

The Dow.-Corning -silicone resin series.were" evaluated onlyin-massed glass flake systems because of the extreme difficulty
encountered in preparing acceptable oriented glass flake-laminates.
Silicone resins produced the poorest laminates because of
curing problems and a tendency to stiak to the p01ished mold
surface ... .. - -. . - ..

The first step in the preparation of glass flake laminates
was to develop a method of combining the glass 1akes with
the selected resin system. The wide range of plastic binder
systems which cover water-thin liquids through pastes and
solids necessitated the development of more than one premix
technique. Obviously, a blending method suitable for a
water-thin liquid such as the plenum chamber method would be
impossible for a solid resin system.

This section of the report is devoted to a discussion of
the individual mixing methods evaluated.

IVI3.2.l. Abbe Mixers

The Abbe mixer is constructed as a mass and paste mixer,
having a double "U" bowl construction and two modified sigma
mixing blades rotating at a speed differential of 2 to 1
(maximum 50 rpm and 100 rpm). Blade construction is such that
shear forces developed during mixing are substantially smaller
than shear forces present in other mass and paste mixers,
Prime applications for this mixer have been in the manufacture
of premix glass fiber reinforced compounds, where minimum glass
fiber degradation is a requisite.
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IV.3.2.1.1. Abbe I'.lmor On r.u-t± Size

The first glass flake prcmixes were preparud in a small,.-....... ......n~ted-one-qua-r-t--s-i-ze -Abbe-rnixer.-h-t- -i-ig- tlies, ex-.
cellent wet-out of glase flake,." and improved uniformity of mix
at the 50% glass content over the other blending techniques
were realized. " Additional experiments proved that a wider - -

-variety of' resin sygtems could be procesesd in the Abbe mixer.
The early studien, using this equipment, were promising because
of the improved mixing cycle resulting in an upgrading of the-
physical properties of laminates. Abbe mixing appeared to be
the most economic mixing technique investigated, with-the
exception of the dry-blending technique. . .

In Table 2 a summary is .presented of the-laminates molded
from the initial trial batches of premixes prepared with the
smhll Abbe mixer. Classified flake glass in sizes-of-+8,-- + 168.
and -16 mesh were used as starting materials. OnLy epomy-baied-
resin formulations were evaluated in this preliminary study_._

- - .- T _Pxy-glaa..,_,9ye -t-em -•• •---u
U$L-~~eres) nd olysulfide fle

y-St'Zma. Poly-aino ouring gt:ucai --

- -were used (EL-5, 7, 19, 21) to promote enbhaced properties.
Anhydride hardeners were used when lengthened pot lives (EL-14,
EL-18) wore required.

At the low glass levels investigated, tensile strength
properties ranged on the average from 6 to 17 thousand psi.
The variations in tensile strength are attributable to void
content and varying glass contents throughout the laminate.
High void content implies a large number of dry spots or
numerous air bubbles; conversely, low void content implies a
desirable, low occluded air volume and a reduced amount of dry
spots.

The void content of these Abbe mixed laminates was fre-
quently high. A compression mold can be expected to reduce
void contents as pressure can be applied to squeeze remaining
air out of the sample in a confined cavity. Such a mold was
not available at the time these studies were made.

Tensile and flexural properties of Abbe mixed materials
are presented in Tables 2 and 3, respectively.
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Prior to the addition of glass flake, the hardener (liquid or
solid) was added to the resin binder and mixed in the bowl of the
Abbe until the catalyzed resin was homogeneous. (Steam heat may
be applied to the jacket of the mixer to reduce the viscosity of
the resin and thereby promote better "wet-out" of the glass flake.)
Glass flake was added to the resin with the mixer blades rotating.

-. Mixing-times-vary-as--a-fun-ction-f -fl i.e.
higher glass contents require longer mixing times.

Mixing time is considered to be one of the most important
variables in producing high quality composites. There was to be
expected an optimum mixing time below which resin coating on the
glass flakes would be insufficient, and a mixing time above which
excess flake breakdown would contribute to lower tensile strengths.
To determine the optimum mixing time, three identical batches
were formulated with the same glass content (50%), glass size
(+8 mash) and resin hardener system EL-19 (Table 4). Mixing times,
only, were varied at 1-1/2, 5, and 10 minutes. After each batch
was mixed, a sample was taken to determine the glass flake distri-
bution. All three batches were cured into sheets by identical
curing procedures outlined in Table 4. Five to seven strips were
then cut from the cured sheets and tested for tensile strength.

* - Figure 1 is a plot of average tensile strength vs. mixing time.S.........................Plotes.on~the~sam.-gx aph 4-a eumu-~taive-~analyuia• •of: !glass- lk.- •-.

ind1-, d i._F gwte _1 th• e E•.Ile-minute mixing t4.me.- xu3iled-in--te --th .e.
~~ ~~~tor u2~ S% 1l6ileilin

vestigated. Th--scb o analysis plot indicates hat as mixing time
increases, finer flakes are formed, reducing the cumulative per
cent retained on the' 0 mesh sorten. At the optimum mixing time,
39.7% of the glass flake is retained on the 50 mesh screen. (50
mesh was chosen as a convenient basis: any screen size could have
been used to illustrate the relationship.) The above conclusions
have resulted from tests performed using an Abbe mixer having a
capacity of one quart.

V.3.2.1.2.xer -5ci-allon Size

The initial success obtained with the one-quart Abbe mixer
indicated the potential usefulness of this method of glass flake
blending. The small size of the one-quart mixer restricted the
nature of the studies and programs which could be evaluated. A
five-gallon Abbe mixer was purchased and was used throughout the
remainder of the program. The major portion of all the laminates,
and all the premixes from which the subcontracted complex shapes
were molded were prepared in this mixer.

It was necessary to prepare a test mix in the five-gallon
mixer to objectively compare the breakdown of glass flake premixes
in the five-gallon Abbe mixer with the breakdown encountered when
the one-quart Abbe mixer was used. An additional objective was to
gain insight into the mechanisms and rates of breakdown during the
mixing cycle. Because of the limited batch size of the one-quart
mixer rented during the earlier portion of the program, this study
could not be conducted.
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For the study, 8.8 pounds of unclassified glass flake were
charged into the mixer and mixed with 8.8 pounds of Laminac 4128
(American Cyanamid) polyester resin catalyzed with one per cent
benzoyl peroxide. During the mixing cycle, no heat was applied to
the steam jacket of the Abbe mixer because of the sensitivity of

-- the -resin-system---to-our-ing-under- s1-ightly elevated-temperatures.-
Mixing took place under 20 mm. Hg. vacuum for a total of 60 minutes.
At 10-minute intervals, a 200-gram sample was removed from the batch
and analyzed for glass flake size distribution.

The results of this study were:

1. The five-gallon Abbe mixer degrades the glass flake
during mixing slightly more than the one-quart Abbe
mixer.

2. During tne mixing process, there is a very rapid
disappearance of +8 mesh and +16 mesh flake. Similar
to other mixing and grinding processes,. there is a
selective attrition of the largest flakes in the mix.

3. The percentage of flakes retained on the +100 mesh
___.. ris during the cycle, as expected (Table 5).

Figure 2 supports statement 1ake. the e~i6a-t crve in
.Figure 2-represents the size distribution olf -unixedj unclassified-
glasp flake. The next curve progressing downward represents the
distribution of glass flake size in a premix prepared in the one-
quart Abbe mixer (Laminate EL-23-2). The lowest curve represents
the analysis of the premix prepared in the five-gallon mixer after
one-half hour of mixing, 1320 revolutions. (Earlier samples% 15
minutes, 25 minutes, showed insufficient flake wet-out as evidenced
by poor compression molding containing dry glass flake.)

Both curves show a very similar distribution of size. Compar-
ing the curves at the +30 mesh region, the horizontal separation
between the curves shows that the five-gallon Abbe has degraded
this flake size more than the one-quart Abbe mixer.

Figure 3 shows the amount of degradation that occurs during
mixing. Both the +8 mesh and the +16 mesh glass flakes undergo
rapid breakage in a short time. The +30 mesh fraction rises during
the first ten minutes as the coarser +8 and +16 mesh flakes breek
down. Thereafter, the +30 mesh flakes are subjected to rather rapid
size losses. Note that the absiccsa of the graph in related to both
mixing time and number of revolutions of the fast mixer blade.
(Relating breakdown to revolutions in the mixer eliminates the re-
quired parameter of blade rpm.)

A much more comprehensive study of the effect of glass flake
degradation due to processing and its relationship to laminate
physical propertizz wa- performed at a later date and is reported
in detail on another section of this report.
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Comparative Glass Flake Distributions for Unmixed Unclassified
Flake, Premixes from-. Quart and 5 Gallon Abbe Mixer
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S16

4)Ucasiidgas lk

L30--

50

0)

oPremix prepared in
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IV3'2.1.3 AJxh., Wiciim lkj nq 5-Cnhllon 13.i'ne

The u.e of a vacuum Iiondi.ng technique for preparation of high-
ly filled premix compounds gcne3?ally rusults in increased riLing
efficiency, i.e. the mixing time is decreased and filler wet-out
is increased. We believed that similar benefits could be realized
if a vacuum blending technique were perfected for the Abbe blending
of glass flake premixes. We expected to decrease glass flake do--grad-t ion- -through-.thm-redutio~n- -f- i-iy•t-i-a.-_

The blend described in Table 6 was prepared using a vacuum
blending technique. The resin and curing agent were blended to-
gether by hand and poured into the Abbe mixer. The Abbe mixing
chamber was filled to the lip with loose, dry glass flake and the
chamber was put under vacuum. When the pressure had dropped to be-
low 10 mm. Hg., the mixer was started and was continued for about
3-4 minutes until all the glass had been wet out. The vacuum was
broken and the Abbe chamber opened. The chamber was refilled and
the cycle repeated. The preparation of this batch required the ad-
dition of the 3,000 grams of glass flake in four cycles. A total
of 17 minutes was required to wet out the mass. Atmospheric blend-
ing of a batch of this size and glass flake content requires 30
minutes. Therefore a reduction of 33% in mixing time was realixed.
Unfortunately the addition of large volumes of dry flake en masse
resulted in audible grinding noises being emitted from the mixer.

A mechanical•modjif£kc1on was made to•.the Abbe to permit _slow addi-
~t~' ~-~l~7~o- ii~dn i~mr whi le undar a-vaauum.-

The blend described in Table 7 was prepared using classified
+8 mesh glass in a 60/40 flake to resin ratio, The hopper appara-
tus shown in Sketch 1 was used to add the flake gradually to the
mixer. Difficulties were experienced because of a tendency of the
glass flake to bridge over the opening and stop the flow of glass
flakes into the mixing chamber. The resin system was weighed and
added to the Abbe mixer and blended for 15 minutes under a full
vacuum (l.0mm. Hg.). The vacuum was broken, the mixer opened, and
the glass flake added to the hopper chamber which had been installed
on the apparatus (shown in Sketch 1). The hopper-mixing chamber
seal was open while the vacuum was reapplied. When full vacuum was
attained, it was found that the glass flake in the throat of the
hopper chamber had bridged across the opening, preventing the flow
of dry flakes from the hopper into the mixing chamber.

The vacuum was broken and the hopper reopened. The glass flake
bridge was broken, the hopper lid replaced, the hopper-mixing cham-
ber seal closed and the vacuum reapplied. When a full vacuum was
attained, the hopper-mixing chamber seal was opened. Iecause of
the pressure differential, the glass flakes flowed from the hopper
into the mixing chamber. The flow continued for several minutes
before the flakes once again bridged over the opening.
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"Abbe Mixer wit VuRh V
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1. Abbe mixing chamber
2. Hopper-mixing chamber seal3. Hopper
4. Sight glass
5: Hopper vacuum lid
6. Valve
7. Vacuum gaugen
a. Screen pack9. Dry ice vapor trap

10. Vacuum pump
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The bridge was broken and the remaining glass added to thebatch. The mixing time was determined with a stop watch and only
the time that the mixer blades were moving was recorded. A total
time (from introduction of the first flake up to complete glass
flake wet-out and mixing) of 19 minutes was required.

The blend was removed from the mixer, processed through the
c-da&e-nderoo-ia-eitat i hssem-Ivly -, i ed- -a- -nin~ed- -nbtle proper
size physical test specimens.

.The glass flake size distribution of the original unmixed glass,
the blended premix, the oriented uncured sheet and the laminate Was
determined.

The data presented in Table 7 is compared with similar data
obtained from materials processed by other techniques, in Table 8.
Examination of Table G shows that although the blending under vacuum
required approximately 19 minutes of mixing to obtain proper wet-
out, only 2.0-2.1% glass flakes was retained on a +30 mesh msreon.
The data (in Table 8) indicates that although some dearease in
glass flake breakdown was realized utilizing vacuum blending, the
effect of this increase (from 0.5-1.9%) upon the molded laminates
will be slight.

____ - ------Tevacuum -apparatus. re -evratior- --machani-cms-1modi at-J= e-

f L.eake "fines" from the vacuum pump, and a means of eliminating the
..... igincj of glass flake.s over the hopper-opening.. he highly

abrasive glass flakes can cause major mechanical damage to a pump
if they are permitted to enter the mechanism. Screen packs are not
an effective separation device. Bridging over of the hopper-mixing
chamber opening must be elim..nated.

Use of vibrators or pulsating fluted rods at the orifice can
prevent the formation of the bridge.

The time required to obtain a uniform premix is 17-19 minutes
versus 30-35 minutes for atmospheric blending, but the shorter
mixing time is still longer than the critical time period which is
less than 10 minutes of the Abbe mixing. The critical time period,
discussed in detail later on in this report, is the mixing time
which will keep the glass flake breakdown from going below a 20 per
cent retention on a 30 mesh screen.

Therefore, because significant increase physical properties
were not obtained from the specimens prepared through this technique,
additional vacuum hopper runs were not run.

W.3.2.1.4. Conclusions

Abbe mixing is a simple and effective method of blending resin
and glass flakes. Uniform glass wet-out and resin flake distribu-
tion throughout the premix is obtained. Vacuum blending in the
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Abbe mixer reduces blending time. There exists an optimum mixing
range (15 to 30 minutes) below which resin coating on glass flake
is insufficient and beyond which excessive breakdowm is experienced.
The Abbe mixing process is not as degrading to glass flake sizc as
the other processes evaluated; however, breakdown of glass is a
limiting factor in the utility of this process.

Large batch sizes or highe;rglass_1 lake-contents-increase--the--
Sae o-fake-degrad-ation. Glass flakes must be added slowly to
the Abbe. Rapid or batch addition increases flake degradation.
The laxger glass flakes disappear from the premix rapidly because
of selective attrition of the largest flakes. Vacuum blending re-
quires the use of effective glass flake and "fines" filtering to
prevent entrance of the destructive glass into the vacuum pump.

IV.3.2.2. Dry Blending Technique

The original study was performed with solid resins. The tech-
niques developed in these studies were then used to prepare the
phenolic-glass flake resin systems described in detail further on
this report.

ormulations E-10, Table 9 and E-15, Table 10, were B-staged
by allowing the resin batch to solidify at room temperature for a
-peri6d of-24 hours.- The resulting B-staged polymer was powdered .. .

.........- - .- ........ Tbrasultinqýpowder was blended- with 50 we -D -•-ola--- - -

period of one hour, at which time the flakes appeared Well coated.
In Table 9 are listed the details of this experiment. Although
several laminates were prepared, only a small number were suitable
for testing.

It should be noted that after dry blendingI the flake resin
composite retained the low weight to volume ratio (0.05 grams/cc.)
that the flake originally had, Therefore, compression molding
several inches of this material directly after tumbling resultm in
a very thin laminate. After producing El-10-1, some material was
tested to see whether cold preforming (Munton Hydraulic Ram System
2" preform diameter) of this bulky mixture would reduce its bulk
factor; however, crushing of the flakes occurred (at 500 psi).

Glass flakes were charged into a Patterson-Kelley blender
(commonly known as a V-blender) Photograph 1, and tumbled for a
period of one-half hour. The action of particle to particle causes
a static charge build-up on the glass. Either a B-staged pulver-
ized solid resin and a pulverized hardener is then charged to the
blender. The materials then are blended for two hours. This method
has been used for the formulation of glass contents of 50, 60, 70
and 80% glass.

Tensile strengths are reported in Table 10 at the 50% glass
content studied. 'Thin laminates were produced at various curing



TABLE 9

Compression M~olding of Dry Blend

Laminate EL-10-1

Pr ocedure:.

1.Dry blend for 1 hour
80 wt. percent 2 micron wnc langfe4gls lk

2- Comnpresuion mold for Ihou~r at __3000p

1"X 10" SIMeS Press

Contact pressure used

Laminate:

1.Dimensions o.oejoi x 6." x 811 approx.
2. Appearance -air bubbles present

some limited flow patteranso resin
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cycles. For the resin system studied, a 350OF cure temperature
optimized tensile strength properties using 50% unclassified gla•.s
as indicated in Figure 4.

Analysis of the dry blends revealed a 3-12% variation, in_glass
contant, at-though the batch was prepared with a 50% glass content.
Sampling individual sections of a given laminate points out these
glass variations. All laminates prepared, using any of the blending
techniques, exhibit this phenonenon. The variation in glass content
occurs during molding, resulting in point to point variations. This
may be one of the reasons for wide variations in tensile strengths
of all tested samples. The "clumping" or glass segregation occurred
because a confined compression mold was not used. Compression mold-
ing between chrome plated caul plates, using stops, does not suf-
ficiently confine the laminate during curing. Resin drain-out was
observed even at contact molding pressures.

Computed tensile moduli at the 50% glass content for dry blended
laminates range from 1.60 to 6.88 million psi.. Flexural strength of
these dry blends varied from 9.9 -'16,700 psi, with an average modu-
lus of 2.4 million psi. Plexural data is contained in Table 11.
Void percentages (Table 10) as calculated are low, giving credence
to the higher tensile values- obtained...

Hot proforming of the dry blended -compounds-_ has-en .. accomp.i-ihead -
by 6ubjecting it to i- 190-2004F temperature- ofr a hbr 'time under
low pressure, followed by rapid cooling. Molding several of the pre-
forms in a compression press has resulted in fabrication of a 0.180
thick sheet. Even after hot preforming, the preocured apparent den-
sity is only approximately 25% of the final cured density of the
laminate. It is expected that dry blends could be used for filling
intricate, thin-walled cavities. Large daylight area presses would
be required for the molding of thick-walled sections.

IV.,3.2.2.1. Conclusions

Tumbling glass flakes with either a catalyzed or uncatalyzed
resin dust is the main principle involved in dry blending. Static
charges developed during blending of the glass and resin aid in the
obtainment of a uniform resin coating on each flake. Catalyzed,
B-staged pulverized resins are preferable because of the shorter
time required to cure them to a hardened laminate. Only a small
amount of glass flake breakdown occurs during this process.

IV.3.2.3. Plenum Chamber Process

The plenum chamber process incorporated coating airborne glass
flakes with a fine mist. The salient feature of this process is
that it readily lends itself to continuous production.

The plenum chamber used was a 4' x 4' x 8' sheet metal chamber
with six separate sliding hole mounts for the Paasche airbrushes.
The airbrushes could be raised or lowered to give any desired spray
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level in the chamber. (Photojrz'.•ph 2. ) i'hu jl.cnnum chamber was do-
signed to allow venting of the air preýwskiu Lhrough a filter sock
rathor than a screened section of the conveyor pipe for glass
flake.

* Calibration of the resin delivery system, PaascheAirbrushes,
-.-.and- gjL-as flake-de-lvry-f-qh--il- Cloud C'hamber was required

before glass-resin mixtures could be mado. This process was a multi--
stage batch process. Since most of the samples required by the
programs were relatively small, no at-tempt was made to adapt thisstep for continuous production until its usefulness and effective-
ness haa been proven.

The plenum chamber process had undergone extensive development
from that used in previous studies. Initial trials were conducted
"using air atomized resins to coat glass flakes which were air blown
into the plenum chamber.

------- The use of liquid spray resin atomizing system showed a defi-
"nits improvoment over the operation observed when an air gun was
used to atomize the resin-hardener system. Atomization of epoxy,
resins-into a fine mist was accomplished by use of 1000-2000 psi
-pressure. developed on.-the resin before passing through a liquid . -

.. ~~~~~ -om - r3..- ~..------

VADC U 'Of _tbi ig -~~~ q~y.±nnmu-ltd-i excessive: -foamini

Roetting of glass flake in the plenum chamber, using a liquid
-epfYL spray, was more Complete than when air was used for atomiza-
tion. No turbulence was encountered when the liquid spray was
used, Resin wet glass flakes prepared in the plenum chamber, using
tho liquid spray system, still had excessive amounts of air inclu-

-slone and non-homogeneous wetting of glass flakes was observed due
to uneven glass flake delivery using the Agile cloud chamber.

A star valve-and hopper was designed, fabricated and installed
above the plenum chamber-- Their purpose was to accurately meter
gl~ass flake and deliver the flake by gravity into the resin mist.

-. Static tests of this star valve metering unit were, hindered by
bridging of the glass flake in the hopper throat just before entry-
into the star valve. A bridge breaking device was installed and
eliminated this problem.

IV.3., 23.1. Conclusions

Sketch 2 is a process schematic of the plenum chamber opera-
tion. All laminates produced with this process have exhibited vari-
ations of resin and glass composition within a laminate. Unstable
oporation in the plenum chamber was responsible for this. Table 12
liLsts the typical properties obtained from laminates prepared with
plenum chamber mixed systems. Ac can be seen, the physical proper-
ties of the laminates were generally poor. The low values can be



Photograph 2

Plenum Chamber Assembly
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Table 12

Physical Properties of a Typical Laminate
Prepared-by the Plenum Chamber Process

Laminate EL-16-2-5

Formula UNOX 207 100
Maleic anhydride 73
Trimethyl propane 10. 6

Blend 50% unclassifled flake

6 hours at- 400.-F and 0 pot pressuze

Laminate Thickness Z. 11 - 2. 15 inches
Density 1. 40 Cr/cc
Glass content 31 - 38%
Void content 1-%
Tensile strength

average 3. 36 x 10i psi3
range 2.24-4. 54-x-10 psi . ..

Tensile modulus 2. 06 x 106 psi
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e>:plained by stating thae laminates p1upared ftrom plenum chnil-or
blended materials exhibiLud rcuin rich and resin dry areas, large
amounts of entrarped air bubbles and many areas of disorkintation
of glass flakes.

Many ef, these problems could bc eliminated if the proper fur-
___the•_procussing,-such-- as-ca-lender --orienta-tion aiid gacuun treatment,

were used'- but the problem on non-uniformity of glass content
would not be aided. In addition, it should be noted that the plenum
chamber requires large volumes of excess resin to wet out the flake.
This rosin is squeezed out during the molding cycle.

IV.3,2,4. Solvent Cgntinq Techp~~~

Throughout the program there existed a definite need for re-
fined solvent coating methods usable for glass flakes. Two areas

|.of importance aret (1) coating glass flakes with bonding agents,
and (2) coating-glass flakes with high-strength solid resins to
obtain higher glass contents than those presently available without
degradation of glass flake size. A bonding agent should improve
the strengths of polyester-glass flake laminates which have been
lower than the strength of the resin itself. We believe that this
abnormality was caused by poor chemical bonding between glass flake
and the polyester resin t o__cohenion of the resin ibinder system.-..

SLiii• 6 qiade the strengths of glass flake reinforced 7
......-- laminaes b*wun&-with* pIPrin'yt reAins, the tachnique of coati*g

-glass flakes with Union Carbide's A-100 ailane coating agent was
evaluated. Glass flakes were charged into the Abbe mixer which
contained 1% water solution of the glass bonding agent. The
temperature of the mixture was held at 190OF for a one-hour period,
as recommended by Union Carbide. The large excess of water was
drained from the glass flakes and, subsequently, the flakes were
placed in an air-circulating oven at 250OF for a period of six
hours to remove as much of the water solution remaining on the
glass flakes as possible. Thereafter, 50-100 gram batches of the
treated flake were placed in the dielectric heater where remaining
traces of water were volatilized.

The A-1lO0 treated batch of glass flakes was then used to pre-
pare a laminate using American Cyanamid's polyester resin Laminac
4128 catalyzed with 2.0% benzoyl peroxide. The resultant laminate
was of decidedly poor quality and was not tested. Evidently,
segregation of the A-1100 silane finishing agent on the glass flakes
caused localized curing reactions. Laminate quality and density
varied from spot to spot within the laminate.

Solvent coating of solid resins to glass flake was investigated.
It ia well known that many commercially available solid epoxide
resins have inherently higher physical properties than commercial
liquid epoxy resins. However, the inethod required to combine these
solid resins with reinforcing materials is necessarily more compli-
cated than the technique used to combine liquid resins with rein-
forcing materials. An approach taken to combine the solid resin
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with glass flake was in accordance with tho solvent coating tech-
nique. A large excess of solvent (acetone) w• used to dissolve
Epon 1,031 (Shell Chemical Co.) and the hardenor, methyl R'adic an-
hydride resin. The resultant solution (17%'. solids) was used to
coat the glass flakes in the Abbe mixer. Drainage of excess solvent
followed by oven exposure and dielectric heating was used to re-
muovesoIent om the ga flak. A thin •-anate sheet was
compression molded from the dry mixture of the coated glass flakes.
Molded appearance revealed the presence of dry glass flake in
patches where, evidently, resin had been "washed" off the flakes
during removal of excess solvent. Continued efforts to use this
technique for coating glass flakes were unsuccessful.

(The solvent-resin coating system has been used commercially
to produce shellac-mica flake laminates. The physical properties
of these laminates is unknown.)

IV.3.2.4.1. Concluj.ions

The process solvent coating is of potential value, but the ef-
fort required to reduce it to usefulness will be extensive and may
prove uneconomic.

--- Unevenness of resin coating-on-glass flakes resulttng in resin

.solvent without overcuring the reactive resin system. This system
i.. ay be u5E4d t- Tirplauo iremsin binde-r are to be uised. Binding
of individual glass flakes into books or "plates" which are degraded
during the molding cycle.

IV.3.2.5. Centrifugal •Jndinm

The basic principle involved in the centrifugal process is the
flow of resin from the center of a rotating centrifuge to the outer
wall as a result of centrifugal force. As the resin seeks the
maximum diameter, it comes into contact with glass flakes charged
into the centrifuge at the start of the operation, and thereby"wetting" of the glass flakes is accomplished.

Although a basic advantage realized, using this process, is
accurate, control of the charge ratios of glass and resin since it
is a batch process, a disadvantage is that mixing times required
have been one hour for 200-400 gm. batches. Even at the one-hour
mixing times, insufficient wetting of the glass, flake clumping,
and inclusion of air pockets have been observed. The laminates
prepared, using the centrifuge process for mixing glass flake with
resin have not given outstanding tensile strength properties
(3-10, 700 psi).

A 6-inch diameter cylinder mounted on a two-speed motor (1850
and 4800 rpm) was used for the centrifuge studies.

In Table 13 a summary is given of the laminates prepared from
premixes made in the centrifuge; the processing data for the first
centrifugal blend is shown in Table 14.



46.

0 0

4 4 q;. 14 q ý 1 l -

12 
A----- 

-_

'4 MCf 
~

M m. fn '

T --

Up~ u u;

Is-

11 All P

41 4,

A. A,

-W d



47.

Key to Table 13

Formulations

Epoxide and di--poxide

JD5I0 - Epi Rez 510 - Jones Dabney Co.

JD504 - Epi Rez 504 - Jones Dabney Co.

"U207 - Unox 207 - (di-epoxide resin) - Union Carbide Plastics Co.

Curing Agents

HHPA - Hexahyarophthalic anhydride - National Aniline Div. -Allied Chemical

DMP-10 - Accelerator - Rohm. and Haas Co.

NA - Maleic anhydride - American Cyanamid

-*-~- . TMP -Trimethylol 7r4ýane_ !- HeydepN4?Jwvort._Chemical. Co.

Iunltial_0 Qlais Co~itit~,,

Refers to weight per cent of glass flake charged

Initial Glass Size U unclassified

+8 retained oii 8 mesh screen

-8 passing through 8 mesh

+16 - retained on 16 mesh screen

-16 - passing through 16 mesh screen

Cure Cycles

Pressure, psi C - Contact pressure used during cure

Tensile Strength

Tensile strengths determined in accordance with ASTM D638 - 58T

Flexural St rengths

Flexural strength performed in accordance withASTM D790 - 58T
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Compression Molding of Centrifuge-
Produced Blend

Procedure:

___ -l---282--grams-ungraded-E-glass-f-lake- -
282 grams E-12 resin

2. Resin and glass admitted periodically into
centrifuge; 20 minute mixing cycles; remove
resin-wet mix from centrifuge walls and remix

3. Total mixing time - 1 hour

4. Resin temperature during mixing - 65 0 C

Cure:

1. 10"1 x 10, Elmes Press

2. Contact pressure to close

.2664F 1 hours
at 500 pat

4. Resin drainoff during cure

Laminate:

1. Dimensions 0.1834x approx. 7' x 7"

Properties of Cured Laminate:

Tensile Average

Sample Strength psi Tensile Modulus

1 6,800
2 8,050 3.63 x 106
3 11,800

Glass Content
before molding after molding

50% 78,5% Average

Molded Density

1.86 grams average
Co.

Gas Occlusion volume %

%pproximately - 14
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Glass flake leas charged into thu vertical centrifuge: thereafter,
catalyzed resin wcis added at the center and rotation of the bowl
begun at 4000 rpm to promote quicker mixing through resin flow.
This process was developed in previous Olin contract 6.

Mixing times were one hour with stops at 15 minute intervals
to remix the high resin content glass mixture which had segregated
to the maximum diameter of the centrifuge, back -to-the center-of ---- --.-.--
t-he-centrifugL The- time required for the remix step was one minute.

Inasmuch as mixing times are one hour, an alternate resin system
was chosen which had lengthened pot life at room temperature and
a.lso a low fluidity or viscosity. The formulation used was Unox 207,a di-epoxide.

IV. 3,25, Si, Conclusions

Laminate properties for laminates made with centrifugally
prepared premixes appear in Tables 14 and 15 and compared with other
materials in Table 16. it should be noted that various degrees of
resin squeeze out occurred giving 31-72 weight per cent glass in
the final laminate.

Generally, laminate strengths are low; laminates produced were
misorientad and contained voids. Averagc I .ninate tensile _Stxorngths ...

The long blend time required to obtain a complete-and unif -. .
mix combined -ith- tha diff Iduly in -preparing blends with glass flake
concentration above 50% caused us to terminate this phase of the
program. We believed that concinued efforts would not yield an
economic and reprodicible process.

IV.3.2.6.,. Two Roll Milling

Attempts at using a 2-roll mill as a means of blending glass
flake with resin were unsuccessful. The resultant premix was
noticeably inferior and contained a much higher "fine" content
than those produced by other blending methods evaluated.

A small quantity of fluid catalyzed resin was poured onto
the moving 2-roll mill, The nip clearance was reduced to a minimum
to prevent excessive resin drip from the rolls. Thie glass flakes
were slowly sprinkled onto the moving roll until all visible resin
is absorbed. The process of alternately adding resin and flake is
continued until all the ingredients were blended.

"Wet out" of the flakes by the resin became increasingly
difficult as the batch size was increased. Excessive glass flake
breakdown was noticeable almost immediately.

IV.3.2.6.I. Conclusions

The 2-roll milling of glass flaxe is a poor mcans of combining
flake with resin. The dry, brittle glass flake is subjected to high
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shear when it passes through the narrow gap betwoen the rolls.
A very rapid (glass flake) degx:bdation rate is experienced.

The 2-roll milling process exhibited an interesting phenomenon
in that flakes in the mass after complete blending apparently became
oriented. It was this observation which lead to the construction
and evaluation of the other calender process system.

The rate of flake degradation experienced in 2-roll blending
is increased as the glass flake content `s increased. Most blends
were evaluated at a 50% glass flake content. It was noticed that
as the last of the glass was added degradation increased rapidly.
This increase was accelerated if the glass flake content of the
mixture was in the range of 60% or 70%.

IV.3.3. Premix Processing

In preparation of laminates evaluated early in this program,
great difficulty was encountered in obtaining specimens free of
internal flaws. It was decided to develop intermediate processes
for conversion of premixed flake-resin systems into moldable forms.
It was expected that resin flow, air entrapment, glass disorientation,
and resin wet out problems could be relieved nomewhat by such pro-
cessing, To this end, processes for preform preparation, calender

__ orientat on. dielectriq-r ýtn-ijcto-odn

wore processed by calendering, and good laminates were made from

Iv.3.3.. preforming of Premixes

The preparation of cured glass-laminate sheets in thickness up
to two inches, was difficult. Proper orientation, of the glass flake,
removal of the occluded gas, and uniformity of cure in a single molding
operation were not obtainable. it was correctly postulated that thin,
well-oriented and partially cured (B-staged) sheets could be stacked
in layers, pressed together. Pertinent detailed data related to the
initial formulations and procedures studied are given in Table 16.

Tie epoxy-acid anhydride system at-2000 F. had an induction
p,-riod of about 55 minutes to one hour before incipient cure started.
'rhereaftor the curing rate was so rapid that the cure had advanced to
an infusible state within 5 to 10 minutes. These sheets would not
bond when stacked at a higher curing temperature.

Water cooling of the platens or cooling the mold in dry ice
satisfactorily arrested the advancing cure. Both methods were
usable, but the dry ice cooling method was more troublesome, and
the preform was more difficult to remove from the mold.

Curing induction period& from batch to batch were variable.
Ile proper control of handling and arresting the incipient cure of
the EL-23 resin system (Table 17) required too much developmental
attention to be considered further. An alternative approach using
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the wot resin system to B-stage the upoxy pr'eforms with meta-
phenylene diaminre as a curing agent wao thon tried.

The technique developed was based on the preparation of the
premix in an Abbe blender after which the wet blend was permitted
to B-stage over a 24 hour period. 'rhe loose, bulky mass became a
hard friable material which was broken by hand or chopped mechanically.

... n charged into the_ preforrini -mold. o Th_ mate ria l was ....
subjected to low pressures at temperatures slightly above the softening
point of the resin binder system. The preform sheets which were
formed were slightly oriented, low strength, poorly compressed
laminates.

The preforms were then layered to produce laminates of the
proper thickne3ses in suosequent moldings. This system produced
several disadvantages which resulted in discontinuation of this
process.

The resin system (100 parts Epi Rez 510 and 14 parts meta-
phenylene diamine) was also used to prepare the pulverized B-stage
resin which dry blended with glass flakes. The higher degradation
of flake size during Abbe mixing was established, as was the
relatively low glass flake degradation resulting from dry blending
of flake. Therefore, this process produced laminate with smaller
flake size than the dry blending process. In addition, dry blending

S--h•-loosa. non-oriented resin-flakes were .harged ---inio-tbt:
heated mold c•ity? Th-em-old- W-0 cloed .and low pressuW¶'app1iLd
for limited periods of time. The variables of preform temperature,
pressure and time were depondent upon the resin system used in the
premix. Typical examples of various systems follow.

Table 18

Preform Molding Parameters - Dry Blends

System Temp F Time, Sac, Pressure.psi

IEpoxy-Amine 160-170 15-30 200-250

Phenolic 270 5 200

Essentially minimum pressure, temperature and time required to
compress, soften the resin, lightly bond and orient the glass flakes
was used. There exists a moderate degree of freedom in choice of
preform conditions, but too high temperature or pressure will result
in slieuts in which the resin is too highly cross-linked (cured) and
therefore cannot be formed into laminates. Less than minimum
preform conditions result in weak preforms that exhibit low cohesive
strengths, poor orientation, little bulk compression and are diffl-
cult to handle.
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IP.3.3.1.1. Conclusiono

The preform process was used to proceoss ll. the dry blceundcd
phenolic systems. Of the three premi). systems proýAormccd (%vcl
prcn:ii.;es, wet prcmixes B-staged, dry blended syotewsa) only the
dry blended system was used in linminate preparation and evaluation.
The wet premix systems are difficult to proeform and present n•iny .

-d!dicficul-tios ,- &Fuh asr 61iW awd --gl-as-s- fow- du-ring-t-he longer preform
process. The second method was effective but found to be far inferior
to the calendering process which was subsequently developed, therqfore
it fell into disuse.

The dry blended preform is a low strength, friable, fragile,
wafer which is still highly uncompressed. It was deteramined that
if quality laminates are to be produced from dry blended systems, good
preforms were necessary.

IV.3.3.2. Calender Orientation

V. 3.3 2.1. Prototype Evaluation

Calendering of dry blends and epoxy premixes was initially
performed by depositing the premix in the nip of the 6 x 3 F'arrel
Birmingham 2-roll mill adjusted to rotate at 4 fpm. A parting film

-was --used--to -prevent- e-ti]ing--of--the premix to the ca-lsenderingq-roals-, - -

Shootz that were produced in. this manner were cured in an oven and
~a~ddin a comproazion preffs.

Sheets of various thicknesses were prepared. Sheet quality
at a given thickness was dependent on glass content. The 40-50%
glass content premixes formed oriented, smooth sheets. As the
glass content was increased to 600%, the calendered sheet thickness
delaminated immediately after calendering to a thickness larger than
tha rolls gap used. At these glass contents, it was noticed that
the glass flakes did not adhere, allowing air voids to become
db.1persed into the sheet after calendering. Evidently at the lower
glass contents of 45-50%, the surface tension and coverage of the
-ein hold the flake composite together.

Calenderinq development using the 6 x 3 Farrel Birmingham
2-roll mill was retarded because the 4 ft/min, calendering speed
v... too fast to allow required control of the sheet using our present

. smix systems. A hand operated 2-roll calendar was constructed to
allow calendering speeds which would be slower. Thbe process consists
')f depositing a resin wet premix from the Abbe mixer on a carrier-
".,'irting film which passed through the nip of the calendering rolls
-djusted to a dr.sirable gap.

Using the new small calender, 0.004 in., 0.009 and 0.010 in.
(thich"ness) sheets containing 50% glass with an epo-:y binnder were
(endiered and cured. A parting film of cellophane was u.-sed Cduring
I:he opiration. The epoxy premix was not dnga:zsd, ind as a result,
the ,!h-ets formed had characteristic air inclitsions. The calendered
sheet expanded after leaving the nip of the rolls. The poor cohosion
of the resin in the glass prenix was ronpon.ible for the rh..nc-fneron.
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In Table 19 the results are reported which were obtained when
attempts were mnde to calender dry blended premix systems. The data
shown indicates that calender-orientation of dry blends to be a
feasible process. The calendered sheets were cohesive strips which
were suitable for compression molding. This phase of the program
was not continued because of limitations in the available equipment.
(The 2-roll mill was not suitable for processing dry blends because

. ofthe-rlativelybhigh-speed --of-the -rollers and-the-deferentia 1- -speed-
of the rollers. The work could not be continued using the new
roller-orientation assembly because the rolls were wood and could
not be heated.)

The combination of a low glass flake degradation resin blending
process and orientation-compression process for dry blended mixes
should be evaluated further-. We believe that higher tensile values
could be obtained if non-degraded flake were present in the laminates.
This process combination offers an opportunity to obtain flake
laminates of higher quality.

I•.3.3.2,2, Roller Calendering

The feasibility of orienting different thicknesses of sheet
using the roller-calender and the effect of glass flake concentration
upon process applicability indicated that roller calendering would
be a suitable process for-glass flake premixes. ......

... -h-ekness -B-atae :-Calendered --sheets V A- Cmplate-- -8 W " --.- Uike -r-4is
bution study using classified flAke was then performed to evaeate
process induced flake degradation levels. This study is presented
later in this report.

The calendering orientation process produces flat sheet materials
using the assembly illustrated in Sketch 3 and Photograph 3.

A modification of the above technique eliminated the use of the
ram extruder feed mechanism to deposit'the glass on the parting film.
The loose non-oriented glass flake was hand packed on the conveyor-
parting film. The flake was laid in a continuous strip 7"-8" wide
and 1/4"-1/2" thick.

Flat oriented wet flake premixes which had been processed to
1/16" thickness were reprocessed through the roller assembly with
reduced nip clearance to produce sheets as thin as 1/64" thick.

Many batches of epoxy-glass flake blended in glass flake con-
centrations of 50%, 60% and 70% have been processed by calendering,
Batches of epoxy-glass flake (50/50) blends that have been processed
by calendering into sheets of several thicknesses exhibited excellent
orientation of the glass flakes. Laminates 0.150" thick have been
produced from multiple layers of their calendered sheets which
exhibited no visible signs of disorientation and no flow or knit
lines. The laminates, exhibited the most transparency of any
produced in this program.
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Some of thO physical test data obtained froom the highly oriented
50/50 epoxy-glass laminates produced from calendor-rolled B-stage
sheet material are presented in Table 20,

Glass flake epoxy resin blend (60/40) were calendered and sheets
of the materi.al molded into 3/16" laminates. The flat laminates were
free of entrapped air and are highly oriented. The specimens exhibit..

--- cm----nn f-the p r--Op-al-s-ence-asso-it with mis-orientation or
non-wet out flakes,

The 70/30 glass flake epoxy resin blend was calendered into
sheets 1/16" and 1/32" thick. The B-stage sheet produced by the
70% blends were not the compacted transparent, uniform sheet obtained
from processing lover glass content premixes. The batch did compress
hut, because of the high glass flake content, once it was past the
last roll it became a relatively loose oriented sheet, Apparently,
the higher glass content adversely affected the handling characteristics
of the B-stage sheet.

To determine if the high quality of the laminates which have been
molded could realistically be attributed to the use of the oriented,
flat B-stage sheets, the oriented B-stage sheets were divided into
equal parts. The flat, oriented B-stage sheets were dielectrically
heated for a uniform period of time. The dielectric treatment

-.... oftened the R-stage resin to produce pliablo sheets. One pil-e-of .-..--
het'-~wad--caraft4Xy -Plaa4 -in-The iMold loenur fitht* -th ls lke

orientation was undisturbed prior to mold closure and cure. The
5&/50 glass -flake.-p•Ky laminate pfod4iced.;was Iree of all visual
defocts such as die-orientation of flake or air entrapment.

The second group of oriented sheet was rolled into a ball by
hand prior to being placed in the mold. The balling of the flat
sheets prior to cure produced relatively poorer quality laminates.
T'he laminate was still transparent and free of entrapped air bubbles
but many dis-oriented flow lines and pearly opalescent areas denoting
mis-orientation were visible.

The results indicate that elimination of turbulent flow during
molding through use of oriented B-stage sheets produces laminates
which are virtually free of all mechanical defects.

In Table 21, the effect of this processing had upon the glass
flake size distribution of the premix and resultant laminates is
shown. The data indicates that calender-orientation is a non-flake
degrading process and produces visually superior laminates.

IV.3,3.2.2.1. Thickness Study

The parting paper may be removed from the roller oriented wet
sheets if the sheet material is cooled below 100F. The cohesive
strength of the sheet is increased so that handling during subsequent
processing is less difficult. Laminates have been molded containing
7-8 layers of wet non-B-stage sheets processed in this fashion.
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Regardless of non-uniformity of sheet thickness, the quality
(orientation of flake, freedom of visible flaws and entrapped
air bubbles, color and lack of opacity or pearl opalescence) of
the molded laminates was superior to laminates of equal thickness
produced from the loose bulk premix.

re-iminary--physicl--test-deta--obtained from two-laminates--- -
are presented in Tables 23 and 24. Examination of the preliminary
data reveals that a significant increase in tensile strength and
compressive modulus have been realized. The increased tensile
strength is still below the 25,000 psi value.

[V.3.3.2.2.2. Conclusions

Roller calendering has been developed to a high degree of
effectiveness# capable of continuously producing oriented compressed
glass flake sheet material. The versatility of the technique is
sufficient to permit processing a range of sheet thicknesses without
effecting glass flake size orientation. The processed sheet may be
B-staged prior to lamination although an effective means of laminating
wet uncured sheets has been developed.

.. The visual quality of the laminates produced from wet and
fr~n~calander =riented sot-ma orimls are- natirembly- -uper1;cr-

to similar laminates processed through other mechanisms or techniques.

indications have been obtained that this process could be an
effective means of producing molding materials capable of molding
complex shapes such as radomes, rocket exhaust nozzles and practice
nose cones and a wide variety of products requiring superior
dielectric properties which would be free of most of the flake
disorientation and flow line problems now encountered in most glass
flake molding.

Optimization of the calendering technique requires that the
reduction of nip calender roll clearance between successive pairs
of rollers be gradual. Therefore, to increase the effectiveness
and efficiency of the assembly the number of pairs of calendering
rolls should be increased to permit this gradual reduction in nip
clearance. An assembly with ten pairs of rolls is presently believed
to be adequate. The first two pairs of rolls would be corrugated-
metering rolls permitting the direct addition of non-oriented flake
from the mixer onto the conveyor.

The rate of decrease in nip clearance is critical. The glass
flake resin system as it passes through the nip roll is compressed.
If the nip clearance is decreased more than 1/16", a heavy resin-
flake bead or wave forms on the feed side of the roll. The effect
of the bead is two-fold: (1) the turbulence in the bead causes
breakdown in glass flake particle size and (2) it increases drag
on the roller assembly.
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The processing of all these systems was accomplished with no
difficulty. Control of roller nip clearance and redesign of some
of the components of the assembly have eliminated many of the
mechanical problems previously reported.

__ IV.3.3.3. Dielectric Preheating

Dielectric preheating has shown unusual usefulness for preheating
of many industrial thermosetting compounds. The use of dielectric
preheating has made the technque of txansfer molding thermosetting
compounds feasible. It has been speculated that the use of dielectric
preheating of glass flake premixes would result in cured laminates
with greater uniformity of physical characteristics. Heat transfer
properties and temperature gradients throughout the par:t being molded
differ widely when thick sections are molded. This. results in a
cured piece that has mechanical properties that may vary with the
part thickness, i.e., the center may be undercured and be very weak,
while the outer edge, having been cured normally, would exhibit
predicted properties.

The Futuramic Molded Products, Hartford, Connecticut, cooperated
in permitting a few preliminary teots and a brief study of the
usefulness of a dielectric heater at their facilities* Since the

m- &POKY dpsC ry buun4 'Mauntri-ng MO-qla -flak* van -Unifori
"heated to 170 P. tnd 2500P. in 20 and 60 seconds respectively
(Table 25). A temperature of 300 0 F. was reached in 150 seconds with
local overheating, as indicated by scorohing. After ieating for
20 seconds, the premix was tacky and could be compressed readily
to a bulk volume about twice the final molded volume. After heating
for 60 seconds, the blend could be further compressed, but the cure
seemed to be advanced too far to allow any time for process handling
or making satisfactory preforms (Table 26).

The dielectric heater settings for the dry blend, heated the
wet blends too rapidly, and the temperatures attained were above
300 0 F. with localized scorching, The high resin content became
heated at a higher rate than did the lower resin content mixes, as
illustrated in Figure 5. To retard the heating rate, an aluminum
spacer was placed between the 70% grlass premix and the electrode
of the unit. This technique proved effective in controlling the
heating rate.

These few preliminary tests established preheating parameters
and showed that dielectric heating is feasible and desirable for
making usable preforms from dry blends and heating thick sheets of
wet mix to a uniform curing temperature before applying pressure
in a heated press.
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TABLE 26

SUMMAIRY OF RECOMIENDED MOLDING PARAMETERS FOR EL-15 SERIES

rreforming Moldinqc Cycle

PTeP CT CO IMT 'MG Mp

160-170 15-30 200-250 240-370 0-2 240-370 2 30

PT - Preforming temperature, OF. .

16. forming time, seconds-

PP Preforming pressure, psi

C Time in which preformed dry blend is allowed to come to
molding temperature at contact pressure, subsequently
referred to as contact time, minutes.

CT - Contact temperature

MT = Molding temperature, 'F.

Mg = Molding time, hrs.

S= Molding pressure on 4 1/2 inch ram, tons
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IV.3.3.3.1. Conclusions

The dielectric heater (Photograph 4) was used throughout the
later portion of the program and was found to be a very effective
process tool. The heating of premix charges and oriented sheets
J.n the dielectric heater has proved to be vastly superior to relying
upon mold dwell tjjne to preheat the ntes--The-lcinate-s-are
effective insulators and do not conduct heat readily. Therefore,
dwell time preheating ofteA results in premature and local resin
cure. This problem is eliminated through proper use of the dielectric
preheater.

XV. 3,3 B Extrusion

The purpose of this phase of the program was to determine the
feasibility of using extruders to process preformed glass flake
shapes. Cure of the preforms could be accomplished at the time of
extrusion or in a later process step.

The advantages of such a process would be continuous production
of an intricate shaped profile which is a finished or semi-finished
product. if delayed cure of the shape were possible, cure after
insulation and even resin bonding to the total component may have

The-process -was to be evaluated using a spiral screw extruder
and a ram extruder (injection m~ld•). The use of two extrude:
systems would permit comparison of the degradation offects of the
process upon the glass flake premix.

The extruders were to be used with premixed systems and not
as methods of blending flakes with resin binders.

Investigation of the applicability of extrusion of glass flake
premixes with thermosetting binders was evaluated with the two
separate development trials.

Approximately 2000 grams of a 50% glass flake-polyester resin
premix was prepared in the Abbe mixer for three test runs in the
1-1/21 MPM extruder. Photograph 5 shows the equipment used. (In
the picturo is a pipe die and the 3:1 compression ratio used screw
during the study.) The polyester premix used consisted of
Iýaminac 4128 (American Cyanamid) and benzoyl peroxide, 1% (Cadet
Chemical Company). This premix was extruded in the following shapesa

(a) Sheet - a 3 inch adjustable thickness, right angle die was
used. Sheet could not be extruded continuously at any
thickness from 0.016 to 0.040 and at four screw speeds,
the difficulty being that the extrudate would not cohere,
and also that the material extruded intermittently from
various sections of the 3 inch slit.
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Photograph 4

U....

- ----.

Thermali Dielectric Heater



73.

Photograph 5
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(b) Hollow Pipe - n one-inch diantLer right angled pipe die
with mandrel was used to attempt to exLrude a hollow
pipe continuously. The some difficulties experienced
with extrusion of sheet were also encountered here;
the extrudate was not self-supporting.

(c) Solid Rod - a 3/16 inch diameter rod die was then installed
---- on- the extruder- Extrwsiow-of-th-is sl id-hpap was mior

successful than the other shapes investigated. A con-
tinuous rod was extruded for a short period. (Extrusion
was too erratic to obtain rates.) Screw speeds of 13 rpm,
39 rpm, and 78 rpm were used. The extruded rod had a
fluffy appearance because of low die pressures, brid~ing
of tha premix in the metering zone of the extruder screw,
and poor cohesion.

'rhe attempt to extrude a polyester glass flake premix through
a sheet film die, a tubing die, and a rod die, was unsuccessful
because of poor cohesion of the glass flake premix after extrusion.
It was postulated that the use of a smaller glass flake size in the
premix would aid in the obtainment of a better extruded shape.
Additionally, low die pressures were believed responsible for poor
compacting of the premix during the former trial. An extruder screw
with a higher compression (5:1) ratio was obtained and a device to

-force _feed-the first feed zone of the -extxuder was-fabricated and
- ~ttal~d i~nxtrderscrew-7-with a low-comprossion MU6,of Ii-

was used for the first trials premix feeding difficulties bad beenonroqtered at this time.)

For this study, a premix* containing 50% of -16 mash glass flake
with an epoxy binder was extruded through the 3/16 inch diameter rod
die which had shown the moct promise during the last run.

The premix was extruded continuously at ambient temperatures,
at rates of 2.3 and 52 pounds per hour. At both the high and low
rates, the extrudate had poor self-cohesion. At the 2.3 lb./hre.
rate, unhomogeneous extrusion of the premix was observed, while
extrudate uniformity at the 52 lb./hr. rate appeared excellent.
The force feed mechanism operated satisfactorily assuring constant
feed to the feed zone of the extruder screw, The extrusion operation
was carried out at ambient temperatures to prevent polymerization of
the thermosetting premix within the extruder barrel. Although the
rod die used was equipped with heaters, these were not used since
a one hour retention at the curing temperature would have been
necessary to induce polymerization of the premix to render it solid.

Table 27 presents operating data for this run.

Photograph 6 illustrates the appearance of the glass flake mix
as it is extruded through the rod die. Photograph 7 shows cured
extrudate yields from. the 3/16 inch diameter rod die.

* Refer to Table 27 for formulation.
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_____ _____ ____ Photograph ~_ _ _ _ _ _ _ _ -_

Extrudate Appearance After
Extrusion and Curing
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To determine the applicability of injection molding glass flake
reinforced plastics, a Van Dorn injection molding machine pictured
in Photograph 8 was modified for developmental tests. The Van Dorn
injection molder is designed for the rapid molding of thermoplastic
resins. Inasmuch as thermosetting resins were being used as binders,
the following modifications were made:

All the band heaters which preheat the molding compound in the
preheat barrel prior to injectidn into the heated mold were dis-
connected. This action was taken to prevent polymerization of the
thermosetting resin system within the barrel. The die only; as ASTM
standard tensile bar configuration, was heated;, The clamping head.
which houses the sprue and sprue bushing was not heated in order to
prevent conduction of heai to the injection nozzle.

A premix containing 50% glass flake and 50% Laminae 4128
(American Cyanamid) polyester resin catalyzed with 2% benzoyl-
peroxide was used for the trials,

The factors of short cure time and long pot life were the basis
--.-- for choosing this resin system over any epoxy, phenolic, or silicone

-resin binder.

-The--normal -ayAlinofthisanj-emtiorA-oldin -mach4.ne--i s-*
the rear and above the preheat barrel, At a preset cycle time, the

- ih~- btyrdid the bottdn *F+t1effd hopper -and -soýý
alUows a certain volume of thermoplastic to enter the heating barrel.
During the remainder of the cycle, the resin is advanced by the
intermittent plunger action through the heating barrel and rendered
molten. At the last stage of the cycle, the two heated die faces are
clamped together under pressure and the ram injects a fixed charge of
molten resin through the sprue bushing into the die which is at a lower
temperature than the preheat barrel. The molten resin then "freezes"
in the die and is automatically ejected from the die. Production
capacity of this machine ranges from 20-60 molded parts per hour
depending upon the resin used and the molded weight of each part.

During the trial run, difficulties were encountered in the
feeding of the premix in the barrel of the machine. The material
continually bridged and had to be forced into the barrel cavity by
hand, After the barrel of the unit bad been filled with premix,
it was injected into the clamped tensile bar mold and cured for a
period of 10 minutes. When the die was opened, it was observed that
the fill of the tensile bar cavity by the premix was insufficient.
Additionally, the premix had cured in the sprue and sprue bushing
even though the sprue bushing was not heated. The exothermic curing
of the premix in the die had evidently propagated curing in the
injection nozzle of the machine. (Ordinarily, with a thermoplastic
resin, the filled sprue cavity is ejected with the finished part.)
In this case, several hours were required to disassemble and remove
hardened laminate from the sprue bushing. Table 28 presents
operating data for the trial run.
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In considuration of thu operating difficulties experienced, it wacs
concluded thaft injection roilding machines are probably incompatible
with thermosetting plastics requiring lengthy curing times. Work
was discontinued on this phase.

IV.3,3.o4.A1 Conclusions

"The extruder runs performed demonstrated that this method of
fabrication at glass contents used was not feasible, The polyesterand the-poxW.. bneers used typify the handling characteristics

encountered with premixes made from any of the four resin systems
under study. Poor cohesion of the extrUdate when formed into sheet,
hollow rods, tensile bark, or solid rod shapes has been the principal
problem. Long thermoset resin cure compared with the normal thermo-
plastic rapid cooling-hardening properties also presents major
problems.

In essence, complete machine redesign would be necessary to
extrude thermosetting ccmpounds. For these reasons, it is concluded
that the process of extrusion of thermosetting glass fil)•_d compounds
is not amenable using standard thermoplastic extrudihg maehines.
Development work on the extrusion phase was discontinued as a result.-
of these poor results. This abandonment permitted additional emphasis

Vhe work described in this section encompasses the experimental ..
and pilot plant development of the u•e of glass flake-resin mdixtures
in conventional plastic processes. Screening experiments with
compression molding, rotational molding, centrifugal casting and
extrusion are reported. As a result of these studies, extensive
pilot plant effort was expended in developing useful compression
molding and centrifugal casting processes. The developments coupled
with our success in devising intermediate steps of mixing and flake
orientation led to the preparation of high quality laminates.

[-.3,4.1. Compreasion Molding,

The bulk of the laminates described in this report were produced
by various compression molding processes. All but two of the complex
molded items reported in Phase III were also compression molded.
Compression molding consists essentially of placing premix into an
open heated mold cavity, closing the mold and applying pressure to
tho premix causing orientations, compression and cure of the system.

TV.3.4.1i.. Thickness Study

The objective of this phase was to study the molding charac-
teristics and the mechanical properties of simple flat slabs com-
pression molded from glass flake reinforced premixes using either
epoxy, polyester, phenolic, and silicone resins as binders. Thick-
nosses of the slabs ranged from 1/16 inch to 2 inches, (Photograph 9).
10,;o glass contents, 50% and 70%, were used in the premixes.
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This study was parforilod with non-or tented prcufor:mcd materials.
A slit'ilar study, using roller calendured shoets having nearly
completely oriented flake was performed late in the program.

The reasons for this study are several fold: (1) there are no
published data relating to the molding of glass flase reinforced
plates thicker than 3/4 inch. (2) The mechanical strengths of varied
thlknss-moldings-would -h-ave tobe determined for ultimate design
use. (3) An objective of the program is to determine whether thick
pieces could be produced. Many industrial plastics cannot be produced
in sections thicker than one inch because of loss of physical
properties from exothermic overheating and stress cracking during or
limediately after molding.

A standardized mixing technique was used to prepare glass flake
premixes for the four resin systems evaluated except as noted later
in the text. A preweighed charge of resin and catalyst were mixed
in a five-gallon Abbe blender until homogeneous (about 1/2 hour),
The glass flake, in the appropriate weight to provide a 50% of 70%
(weight) glass content, was added slowly to the fluid resin in the
Abbe blender. Mixing was continued at a 40 rpm blade speed for a
period of 30 minutes. The mixed batch was discharged and prepared
for the compression molding operation either preforming of the.premix
-into thin. sheets followed by B-staging or charging the bulk premix

____ -~- ly 4t1. hatg& ~a The- I latter -tachni~u for;& -.

"The epoxy resin formulation consisted of a 75/25 mixture of
Devoe.& Raynolds-Jones Dabney Epi Rez 510 or 509 and 504 cured with
Shell Curing Agent Z, a eutectic blend of amines. The 50% glass
premix was prepared in the 5-gallon Abbe mixer under a 1 mm. Hg
(absolute pressure). After mixing, the premix was discharged into
a flat 1/8 inch thick sheet and allowed to cure at room temperature
overnight to the B-stage. The sheet was then broken into smaller
pieces and charged onto a Cumberland granulator with a 1/2 inch
punched plato discharge screen. The granulated material had the
appearance of a dry, general purpose molding powder, which was
subsequently charged into the preheated 7 x 7 mold. (As learned
shortly afterward, this material could be dielectrically preformed
and preheated prior to molding using a procedure standard for many
other reinforced molding compounds.) The 70% glass epoxy premix
was molded directly in the 7 x 7 mold without B-staging.

The same mixing technique described above was used for the
polyester system except that the vacuum employed was reduced to
20 mm. Hg absolute pressure (to prevent "boiling" off of the higher
vapor pressure components of the polyester resin system.)

since polyester resins under investigation cannot be B-staged
to a hard material capable of being reheated and curod as can the
epoxy resin system, the resin wet premix was molded after discharge
from the Abbe mixer. The required amount of glass flake reinforced
premix was charged into the preheated mold and molded at the pre-
determined curing cycle. The polyester glass flake premixes have
:e.en consistently more difficult to mold because of high resin

drnin-off and have also given repeatedly poor tensile prop1rties
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prupn-.e- bli.tr-c. .roo p ;uiic..iAc glass flakŽ I 2klminatec.

Glaus flake was addrcxdlo -i Patterson-li;lley V blenda" and
tamilb2,pd for a period of orm0n hour prior-to addition of the ro•in to
develop a ztatic charge, 1; pulverized phenolic resin, Resinox RI 4009
(0On,,nnto Chonical Comprnmy), wci then ade. A two-hour dry blending
time i wa used. .I

The dry blended pbonomo~l:e glass flake pramines which were prepared
wero loosme, fluffy, an46*~ila. To permit molding, the loose non-
orientod mass was prefniemied into flat wefers. Tha wafters were -re-
p rod in a 911 x 9" box m•~d1 at the preforming conditiQns of 170 F.,
Under 200 poi -pressure &0=r ;0 to 30 seconds,

S.... }'•ofers apX~nX~tG~y ¶8'__hick~w a.-~obne4 when -the 31" deep
_____ait C&±of th 9 x X~ !l& erfilled-to -cmpac:ý 4.h-ta -

premixc.

A 100% solids uillqorine rasin, Dow Corning DC 7145, catalyzed
'.'t'h 3% dicumyl peroxide 0 (ýwrcules Powder Company) was the basic resin
of the formulat.ion used, te blender Jacket was hented to a temperature
of 1500F. after the dicsy•,m paroxide had been dispersed in the resin.
:Oilicone based premixesrveo molded by direct charging into the mold
cavity. Excessive resins flo,)w of this system prevented preforming in
the wet state, while leaq-o~ resin cure times made B-staging impracti-Cable.

Early attempts to mO•old a 50% glass- flake-silicone resin premix
ware unsuccessful. Apparalzenty, an inhibition of curing of the
nilicono resins was res•o•IonsLble for the test molding of laminates
having very poor strengthimms, It is believed that a lag between the
time of mixing the premJ itrad the time of molding was responsible
for the observed lack of Nrgper curing. successful molding of the
silicone premixes was perfl.for-xned immediately after its preparation
nond with, extreme care takeizen to exclude air from the mix.

IV.3.4.1.l.l. Ccmpressioni0aoldlng of Glass rlake
Premixes f0for ThIckess Studies

In Table 29 curing poar&noters are presentod for each of the
rsJ.n binder systems used,,, In most cases, manufacturers' rc-oicnded

.n procdures were fol Ill0]VeOd.

Prc!viously cxporienci.e. problems of inucmplete cure of ri.Jx:0,
1 ,x-.re resolved b'v'fto)1 ing prirnizc: , ..... c ....... y •'.Jtc:c :'R .i>'i.un,

<. -- v 1.ir.tt. ca ta ys .. .... d ion by l d!.. :fd.YiJ. -,.7' • -
"''w.:to> air.



85.

tw0

.0

0 o

*O H00



Th,:" Silicone res-;in syitt,-iis x•wie :molde-d in the 7" x 7" co.-
,r-ssion mold iiountod in the Wntson-Stillman press, i'he rein bind,,er

systc~m (Dow Corning R-7145) exhibited a tendency to stick to the
chrjome-plated oli.shed mold surfaces, neeossitating repeatud moldingjs
to produce :AccupLable luiminates. The wet non-oriented loose rezin
glaso flake mass was charged directly into the hot mold and cured
using the following conditions: 450 pounds pressure (on the
,W17 4 -- •,m); mold temperature, 3006-; t-•i, 3 hours (2" or thicker
cured 4 hours). Relatively low molding pressures wero used because
excessive drain-off of the very fluid silicone resins was encountered
at higher pressures.

Laminates ranging in thickness up to 2-3/4" have been prepared.
'he 2-3/4" laminate is the thickest compression molded unit produced
to date and weighs approximately six pounds. This is the same weight
range as the 1-3/4" - 2" thick epoxy and polyester glass flake
leutinates, indicating that the bulk density is adversely affected
by the low molding pressures.

compression molded flat sheets utilizing Resinox RI 4009
(Monsanto Chemical Company) pulverized phenolic resin were fabricated
in thicknesses ranging up to 1-1/16" for the 50/50 systems and 3/4"
for the 70/30 glass flake to resin blend. The laminates were pro-
duced by layering multiple thin (1/8") oriented preformed wafers.

-. ~Iho prfored-wafer -tcs-eedelor~1l etdutl u.•'--':' ........--•...........•........~ f.,•lexibl, teh"crge•d- ii•%h•o • a"nd •'cornpr•.•hided -i :th

9" x .9" box mold.

The height of the stack of 18 preformed wafers required to
produce the 1-1/6" laminate was 6-7 inches high. The stack would
not fit into the dielectric heater or the squlare open mold. Therefore,
the stack was split into equal parts. The first part was dielectrically
beated, charged into the mold and compression molded at less than
100 psi. The second stack was placed into the dielectric heater
immediately upon removal of the first stack. The compression mold
was opened and the second stack added to the open mold cavity.
tmuolding pressure was then applied. Time lapse between charging the
first and second lot of wafers was less than 3 minutes.

The compression molding parameters used to prepare the phenolic
lEuinatos werei dielectric heating time, maximum, 90 seconds for
the thicker preformed stacks, 45-60 seconds for thinner stacks; the
molding was preformed in a 9" x 9" cavity mold mounted in the Elmes
rruso, 37 tons pressure (800 psi) on the 4" ram was used. Temperature-
ttnlc' cycles were 1 hour at 2500F., 1 hour at 300 0 F., and 1 hour at
"W'"I '. Ilhe mold was cooled to below 150 0 F. before opening for part
"*'-. teOvJn.t"

Ieocnusc of equipment limitations, thicker laminates (1.5" and
2.0") could be molded in the 50% or 70% glass flaho phenolic blond

.... ,;. he 9" x 9" compression mold cavity ir; 1.5" dcep, the
] is 5-13/16" and the compression rnm plug is 1-5/3" in length.

a 2" laminate in the 50/50 glais,. f1,ke phns.ley:',
. ! :.vc required a stack of wafers nppro.ximit(']. 1i" hie, (I'.fore
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Additional flat laininaLase were prupared using the preforirnd dry
bi.i-.:d phuenol.ic qlaa.•; resin system. Thcl flat laminates weru molded
in the 7" x 7" chrome-plated mold and were uised to determine tho
sllb-in]cage of the system. Phenolic laminates which were made in the
9" x 9" open form mold were not suitable because of mold construction
for us•e in the shrinkage study.

IV. 34. I.2. Preparation of Sgmplea for Mechanical Testing

it was noted that preparation of specimens cut from thickor
slabs required the shaving of the samples to a maximum 5/8" thickness.
A rowhn..& Sharps Universal Miller equipped with a spiral slab milling
cutter was normally used to machine a layer of equal thickness from
both sides of the thick slab as required by' ASTM procedures.

" Because of poor laminate quality the thicker laminates molded in
the phenolic (dry blended) and silicone resin systems were not sub-
mitted for evaluation of physical properties. It was determined that
attempts-at milling these sheets to reduce the thickness to conform
with test specimen size requirements result in major visible defects
in the specimen. In some cases, complete destructive delamination
'resulted, for example, large portions of the laminate wero pulled
from- the laminate face by the action of. the-cutter or deep cracksfrom •,h& surfac, -into -the- lamina-te-were: o'n~-,------ ......--- .-- ---- -- ;-

The phenolic laminates exhLbite1j4__•_ tendency_- to-- delaminate in
____1a-qOao~l-ayer -.iefc 'r~~r~~ oiupro ormed wafer
aurfaces, The silicone laminates exhibited a tendency to delaminate
in small sections of varied ,thickness leaving large craters in the
laminate surface. The delamination apparently occurs in areas of
disorientation and is the result of resin failure.

Sample thickness reduction of thick molded parts using a milling
cutter produced.micro chips and cracks in the laminates causing
deterioration of strength properties.

Reviewing data in Table 30 pertaining to the EL-19 series,
laminates 1i through 15, there is evidence of a correlation of
sample thickness (increases from .250 to 2.125) and tensile strength
(decreases from 9,340 psi to 5,200)6 This apparent relationship may
in fact be due to tiny cracks developed in the test specimen during
preparation, since there is no other correlation of strengths to
thicknesses apparent for either resin, binder system,

UV.3.4.l.l.3. Physical Properties vs, Laminate Thickness

In Table 30 the effect of molded thickness on physical properties
is summarized for the epoxy based system at 50% and 70% glass content
anrl the polyester resin based laminates at the 50% glass content.
D~..Lng preparation of the 70% glass laminate samples for physical
"tnesting, all but the 1/4 inch thickness moldings cracked or delaminated.
we were unable to obtain data on any of these samples.

in gbne 3 al, all mechanical properties of laminates pr.sented in
'iable 31 -are lower than those previously obtained for thin :he,,;
(0.060-0.150 in thickness). The low strength valtl.eo obtai. ,.:] r:e
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attributable to non-uniform orientation of the glass flake in the
laminate. At the 70% glass content orientation of wet mixes is
not possible, whereas using dry blending techniques, flat preformed
oriented sheets can be produced. We believe the flake ortentation

--contr-ibuted-to-higher-mechanical-proper-ties.... -.-..............

The physical properties of the flat sheet laminates utilizing
silicone and phenolic resin binder systems are presented in Table 31
and shrinkage study data is presented in Table 32.

Initial analysis of test data indicated that the phenolic
laminates. PH2-2, PH2-3p and PH3-1 exhibit higher tensile strength,
tensile modulus, flexural strength, and flexural modulus than
laminates prepared with epoxy resins. The compressive strength of
these laminates are lower than those exhibited by the epoxy resin.

The high tensile and flexural results were unexpected because
"the poor visual appearance and milling characteristics of the
laminates do not indicate high strength properties. The surface
of the phenolic laminates are good and a high gloss, smooth surface
is obtained giving the impression of a resin rich layer. The center

-..... .............. aminates appear to be .highly oriented and fully compressed.
o~r egen~are _of k .. !o -q.1mi ~eng opa~~~ liit~

and sometiL•es resin-dry and resin-rich ti io-i•6nUiMoE•6 ....
edgo -9f th&A Xarinte -permits ea&y delineation _ý of.he-Andjvi_..l
inter-wafer boundary lines. In many cases, the edge-swere not fully
bonded. Even in the better laminates, the presence of an apparent
reoln-rich layer between wafers was noticed.

The tensile strength of the laminate is not as dependent upon
inter-layer bond strength as are the other physical properties
evaluated. The potential flexural strength range is only indicated
by the reported values. The compressive strength and shear strength
of the laminates are dependent upon inter-layer physics and, therefore,
are poor because of the poor inter-wafer properties exhibited by the
laminates. Match metal close tolerance molds and higher laminating
pressure might yield higher inter-wafer strengths.

XV.3,4.1.2. Dry-Blended Premixes

As reported earlier, a method was developed by which glass flakes
could be coated by static charge inducement with a pulverized,
catalyzed, B-stage epoxy resin system. It was felt that the blending
method was quite satisfactory, but that developments in molding
techniques were necessary to produce flat cured sheets. It has often
been observed that apparently poor visual quality coincides with
poor strength properties and wide variations in strengths. obstacles
to progress in obtaining high quality sheets from dry blends Were
resolved.

The most important variable associated with the product'Dn of
acceptable quality dry blended cured laminates was the molding
pressure.
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Using a compression mold and high molding pressures (30 tons =
740 psi) resulted in the preparation of void-free clear laminates.
Resin systenis were developed which were amenable to this manufacturing
process. These systems had to be pulverized easily into fine powders;
free from reagglomorating into lumps during blending, have sufficiently
low flow times during curing to aid in glass flake wet-out. These
characteristics had to be tempered_and compatible. with_strength-and
toughness criteria in the final laminate.

A study was started to determine the best set of molding conditions
as evidenced by laminate quality and strength. The majority of the
laminates were prepared using E-15 B-staged epoxy resie system. The
solid epoxy resins were investigated in order to utilize a mechanical
mixture of a pulverized resin and a pulverized hardener. One of
these systems, Jones Dabney Epi Rez 522, a solid epoxy with a 65-700 C.
melting point, combined with pulverized metaphenylene diamine indicated
more promise toward increased tensile strength values than the E-15
resin system previously described.

in Table 33 the molding variables are summarized for the
preparation of laminates EL-15-18 through EL-15-38, and EL-25-1
and EL-26-1, 2. Table 34 presents tensile strength and glass content
for these same laminates. A summary of the recommended molding
parameters for dry blended epoxy premixes that evolved from the study
is- Peseflted in 'Dable 35.--

Testp lates were apparently void-free according to their density
determinations. Differences in visual textures were probably caused
by misorientation of the glass. These differences appeared as
slightly opaque spots, lines and swirls. Also, a few of the visual
lines and spots were caused by "clumping", that is, narrow regions
of resin-glass non-homogeneity (Photograph 10). Their appearance
is similar to a "knit line" which is produced in injection molding
by two flowing streams meeting and not fusing entirely at the contact
points.

The tensile values of the test strips cut from the molded sheets
were encouragingly high. The tensile strips were visually examined
for flaws, especially the position of the largest flaw in the strip.
In most cases, the position of the largest flaw determined the point
of rupture.

one tensile piece, EL-23-4, in which the smallest number of flaws
was found, had the highest tensile value obtained to date (22,900 lbs.
per sq. inch). The average tensile strength values of the test strips
from ,L-23-4 and 6 sheets were 19,100 and 16,000 lbs. per sq. inch,
respectively. The average flexural strength values of 23,800 and
28,400 lbs. per sq. inch were low for corresponding tensile strength
values. (Flexural strength values are expected to be twice the
tensile strength values.) The standard deviations of the tensile
strength values varied from 1,200 to 2,700 lbs. per sq. inch. No
standard deviations were calculated for the flexural strength values
as less than five samples were used for testing. The tensile moduli,
or moduli of elasticity values in tension, varied from 5.3 to
7.1 x 106 lbs. per sq. inch. The flexural strength moduli values
were between 2.9 and 4.0 x 106 lbs. per sq. inch.
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TA3I.ME 34

GLASS CONTENT, LAMINATE THICKNESS AND TENSILE
PROPERTIES OF COMPRESSION MOIDED DRY BLENDS-EPOXY BINDER

Lamintte
% Thickness

G G T )7_ Tm 6'Inches

EL- 15-18 70 70 15.3 1.60 6 5.72 1.5 0.100

20 50 49.8 14.1 2.1 5 3.67 1.0 0.120

zi 50 49.6 14,0 3.?- 5 3,42 0.6 0.050

22 60 59.2. 10.8 2.3 6 3.50 - 0.080

23 60 59.7 10.1 2.5 5 4,92 - 0.050

27 70 70.9 15,0 3.5 5 4.78 0.48 0.040

28 70 70 13.7 3.0 6 5.54 1.9 0.'040

29 70 70 12.9 3.8 6 5, 20 - 0.040

30 70 70.3 12.9 3,0 6 3.50 0.57 0.050

31 70 70.5 14.1 1.5 6 4.90 0.51 0.040

3 Z 70 70.4 12.0 - 3 4.5Z - 0.140

.. .. .-.. . .2B , 70 70.6 10.5 - 3 6. - 0j4o ............ ......

34 80 80.4 13.2 - 3 9.63 - 0,090

37 .70 69.8 16.2 3.9 7 5.48 0.49

38 70 70.1 15.0 1.9 7 5.5Z 0.77

E L25Z- 1 70 - 12.4 - 4 6.39

FL-26-1 70 .17.0 2.. z I
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Supplement to Table 34

95% Confidence Limits

9576 CL 951o CL
Tensile Str. x 103 Tensile Mod. x 106

EL 15-18 17.0 + 13.6 7.34 -- 4. 0l

EL 15-20 16.7 " 11.5 4.91 f-* 2.43

EL 15-21 18.0 +-j 10.0 4.16 -. 68

EL 15-22 13.2 +-+ 8.4

EL 15-23 13.2 +-4 7.0-

- ~ ~ ~ ~ 19.3-4O~. -

EL 154-9 16.9 4--} 8.9

EL 15-30 16.0 4 9.8 4.10 -2.90

EL 15-31 15.7 +4 12.5 5.44 •-} 4. 36

EL 15-37 19.8 f-4 12.6 5.93 4-- 5.03

EL 15-38 16.7 +-* 13.3 6.23 4. 81

EL 26-1 18.5 • 15.5
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Key to Table 34

% G

Weight per cent of glass flake formulated in dry blend.

Weight percentage of glass flake in final laminate -

determined by analysis.

3. Ta

Average tensile strength, thousand psi.

4. d'- Standard deviation of tensile strength values, thousand psi.

5. • - no, of tensile samples used in calculation of

standard deviationd

6. % - Average tensile modulus, million psi,

__78tandar__t~dardeviation-of-teas4-l.-mi~iulu-- ýmillion -psi..-..

S. ... . . . • _ • :± • .
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Table 35

l4HAR.y OF RECON•IENDED MOLDING PARAMETERS FOR EL-1b SERIES

Preforming . Moldinr Cycle

PT _ e P T CT•e__....CT MP .

160-170 15-30 200-250 240-370 0-2 240-370 2 30

P - Przeforming timep seconds

Pp - Preforming pressureo psi

Ce a Time in which preformed dry blend is allowed to come to
molding temperature at contaot pressure, subsequently
referred to as contaot time, minutes.

CT f Contact temperature

MT - Molding temperature, OF.

M9 Molding time, hre,

Mp- Molding pressure on 4 1/2 inch ram, tons
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Key to Tables 35 and 36

1. Preforming Parameters

PT- temperature used . --; -. eforming in 9 x 9 compression
mo-ld .-i- .F-i ......

Ps time that drc 3. id ie .;treed to reduce its bulk,

seconds.

-p preform )r ire, psO.

(pressu - 4" ram)

c = C L.,• ..t ive'ssur-i-.

2. No. of P" ni- s

Rr ar4 ' the numbs:: o a , ., "were stacked
ogrýhe'-her the mole - ' ::, •,,.t -••

3. Mo ,in%! Parame, n,,

. . . - .:.... -. ... /• cozitact.¢ ¶'.: -.,Utui* z •" o , ,to.4 when

- ------ preform (-C- h in~rt.04)

/ C = contact i'ii1 m iv yutn . . "
.7 ~(time in wý:ic~h iht U'-;c.ý ;" A•t. at)a ,!,•,••, • , o ,

to the ,oli-lng '..j.mparatUre un2ar cov4tact. prqe'sur,.

M1 L .•io.ing ttme, mLr.,v ' " " . . -

M n pros~lmr-, tanti on 4 inbh re.'n

Additi il ,
All ,r•'irne psw'ere 9 ,. inbh'e1.
All co,,"r. -•i'•n. msal•ad zhaets Were 9 x 9 Inches.

4. % Glass
Refers to ý'.h.j weigbt parcentaqe :of glass flake
formulated x, tve dr;y blend.

5, Sheet Appearance

A. Excellent sheet qvik.•y, translucent, no voids, no

dry spots, mintmur• •-i• p,.'tternn'at edges of sheet.

B. Good sheet quality, tr,•i.cent, no' voids, no dry spots,

some flow patterns at ed.'".. .. sheets, some color
variation throughout sheet
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C. Fair sheet quality - translucent - cloudy in center,

opaque and dry spots at edges, incomplete resin flow.

D. Poor sheet quality - cloudy areas, dry spotting, poor

--res-in-f-low,-blister--formation.-------

E. Extreme blistering, delamnination, no resin flow or

translucent areas.

6. Resin Formulation

a. Resins Wt/Ipoxide

JD 510 • Jones Dabney Epi-Rez 510 185-200
JD 509- 'ones Dabney Spi-Rsz 509 185-200

JD 560 - Jones Dabney Zpi-Rez 560 3P500-5,500

Mixture 60% 560 448
40% 510

JD 522 - Jones Dabney 550-650

...... .. •-•--�- -- R5655 Re~hoid-aChemica-1- Cov -Plyophen -.

Contains Own catalyst

ERRB 0100 - Union Carbide Plastic
Epoxidized Novolak

L-4180 - American Cyanamid Alkyd Resin
lanina: 4180 self catalyzing

CY405 - American Cyanamid Melamine Resin
Cymel 405 self catalyzing

b. Hardeners
MPD - metaphenylene diamine

DADS - diamino diphenyl sulfone

7. Resin Preparation and Mixing
1. Resin blended with catalyst allowed to "8 stage"

at room temperature for 24 hours, micropulvecized

and classified into -100 mesh fraction.
2. Resins heated and blended, allowed to solidify at

room temperature, resin then pulverized into -100

mesh fraction and mechanically mixed with pulveripd

catalyst.
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3. Solid resin pulverized to -100 masuh then blended

with pulverized catalyst.

4. Resin is purchased pulverized and catalyzed. one
__ __ ______ package powder added to glass flake._____

Dry Blending Procedure:

Glass. flake is charged into Patterson-Kelly blender
and rotated for 1/2 hour.
Resin systam in then added and *umbled for 2 hours.

Glans s ixe:
U -Unclassified
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IV._3,4..13. other Resin Systems

The encouraging results obtained with the compression molding
of epoxy systems led us to a preliminary screening of phenolic,
Novalak-epoxy, alkyd and melamine resin sysitems. Data obtained in
this study are presented in Tables 36 and 37.

A-Re ichold-Chemical- Company --catalyzed-phenol-ic-aldehyde--res-in,
Plyophan 5655, was dry blended with 16 to 50 mesh to yield a mixture
containing 50% glass flake. The mixture was pressed in a 9" x 9"
sheet mold at 160 0 F. for 10 minutes at about 200 lbs. per sq. inch.
No flow or fusion occurred. Then it was pressed at about 300 lbs.
per sq. inch for 3 minutes at a platen temperature of 370 0F. The
mold was opened to release the gas and steam. Then the curing was
completed at about 700 lbs. per sq. inch pressure for 10 minutes
at 370 0 F. The sheet upon removal from the hot mold raised blisters;
There were many voids in the center. The sheet was too poor to test.
(Pressures of 2,000 psi are usually used in molding of phenolics.)
Two other compression moldings made with preformed material showed
no promise and were not tested.

A Novalak-epoxy resin, Union Carbide's I RRS 0100, catalymed
with diamine diphenyl sulfone appears unbuitable for use, Compression
molding of a 70% glass content gave sise to blisterinq'from volatile
-.. .r .releaseduringcuring. __-__

A catalyzed alkyd resin laminate• Laminac 4180, was ground to

pass te-ron9W e 100 Meh eW Betrfav rwoin ee ha&4. sh
melting point of 1950F.,, it did not flow profusely in the mold over
a range of curing temperatures. The sheet did not cure evenly and
some sections were tacky at room temperature, There were many voids.
The sheet was to,, poor to test.

A catalyzed melamine resin, American Cyanamid's Cymel 40 5 # was
dry blended with unclassified glass flake. The 70% glass flake
mixture was compression molded at 3500F. for 10 minutes at a preseure
of 700 lbs. per sq. inch. Very poor bonding of the glass flake
occurred and the sheet had many voids and gas blisters. The sheet
was not tested.

Iv,3.4-1-.4. Conclusions

During the mixing and processing method studies, epoxy resins
were chosen for binders predominantly. It was known that the use
of epoxy resins had resulted in beat strength properties of glass
flake laminates. It was deemed expedient to concentrate on the
epoxy systems in order to realize the best mixing method for
development of high strength laminates and to provide a basis for
measurement of potential process improvement. Since handling
properties of the polyester, silicone and phenolic resin/glass
materials are similar, it was planned to develop all handling and
molding techniques using epoxy resin binders and then use these
same technicques for the other resin systems.
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Laminate formulation using phenolic resin binders have been
hindered because of apparent high exothermic curing and volatile
formation during curing as a result of methylolation.

The silicone and polyester laminates prepared were of poor
quwl]:ity-and-had ---low-- strength-properties,- in-part-the-resu-l t-of
difficult curing technique, and in part by inability to utilize
preforming and flake orientation premold processing. Milling of
laminates to prepare physical test specimens is highly detrimental
to the test specimen.

IV.3.4.1.5. Experimental Molding of Complex Shapes

A variety of complex shapew were compression molded experi-
mentally using epoxy resin binders. A descriptioa of the shapes,
cycles and compositions used are given in Table 38. The molded
shapes are shown in Photographs 11, 12, 13 and 14.

In the compression molding of most of the complex shapes, the
orientation of the glass flake is not readily precontrolled since
there is usually turbulent flow of material within the mold cavity.
As a result, for all shapes fabricated in this section, no effort
was made -to preorleat Te..pre.ix..-----..

Premixes containing 50, and 60% glass fabricated at the free
Sf1riting ram piessure werke mdldd crtotvea.
The cavity fill was excellent, but there were come void spots,
probably due to trapped gas. The piece molded with 70% glass flake
was rather porous and did not have the translucency that the 50%
and 60% pieces had. This would indicate that a higher molding
pressure is required to produce visual appearance equal to the 50%
and 60% glass laminates..,

complex shaped circular disks (Photograph 11) were produced
using B-staged calendered sheets. The molding was accomplished
with no difficultLy and the flake orientation was not disturbed
during the process. Highly transparent quality items were produced.

A planar step piece with sharp edges at various thicknesses
and parallel edges was molded from a 50% glass flake. several pieces
that were molded were mutilated in removing frcom the mold. The
edges seemed well formed, but no conclusions could be drawn as
the molding surface had not been prepared to provide release of
the part without damage.

A small bevel gear was molded from a 50% glass flake mixture
using a prototype epoxy mold as shown in Photograph 13. The molding
pressure was limited at 200 psi. Above 200 psi, the premix would
have been extruded from the top and bottom of the mold cavity. The
fill-in of the glass premix at the teeth was good. The orientation
of the glass flake was random as expected.
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SUPPLEMENT TO TABLE 38

PROCEDURE FOR COMPLEX SHAPES

Premix:

Composition of Resin Binder:

Jones Dabney 509 (Epoxy) 100 parts
Me thyl Nadic Anhydride 95 parts
DMP-10 •2 parts

iii~ - Abbe Mixer Used_

5 rin. mix time
Room temperature.mi•-"

Material Stacked in Mold

No degassing

No orientation

Gla.s Size:

1. +8 mesh Z micron glass flake
Z. Unclassified Z micron glass flake
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Photograph 12

compression molded Planar Step Piece
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Photograph 13

Compression Molded Bevel Gear and
Epoxy Mold
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Photograph 14

Epoxy-Glass Flake (left)
and

Phenol G.P. (right)
Compression Molded Plug
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One of the objectives of the compression molding study has been
to evaluate the use of molds designed for plastics of the filled
phenolic, urea or melamine type. A 100 ton production press equipped
with a multicavity die for molding preformed general purpose phenolic
molding powders, located at Futuramic Molded Products, Hartford,
Connecticut, has been used in this study. Molding pressures of

_ ...... 100 tons are not.nc-ommon _for- molding--of- phenol-ic--and-melamine-
compounds but pressures of this order had not been tried with glass
flake premixes. Seventy per cent glass premix was chosen, since
that glass content appeared to be difficult to mold into shapes
having complex contours in attempts at lower pressures.

A 25% excess of premix was stacked into the mold cavity which
had been coated with a fluorocarbon mold release compound. When
molding pressure was applied, some of the excess glass-resin mixture
was squeezed out, In about 30 seconds, free resin oozed out of the
flash clearance section between the top and bottom cavity sections.
After'curing for 30 minutes, the piece was ejected with difficulty
caused by liquid resin seeping down the retracting and ejecting pins
which had cured and "froze" the pins. It took several retraction
and ejection cycles to loosen the pins enough to eject the piece.
Since this was a press currently used for production, no further
molding tests were requested.

The ~~d~pVLdce was--denose an-d coformed ot.peo -----
" �-------Lyn -Zi the glass flake. There

were some apparent dry spots as a result of resin squeeze-out, Fv
this test, it appears possible to mold pieces with a high glass content.

Photograph 14 shows the molded glastic plug and a plug molded
from a filled phenolic.

IV.3.4,1.5,1. Conclusions

General conclusions were derived from the experimental com-
pression molding of glass flake (Abbe mix) premixes. Orientation
of glass flakes within compression molded laminates is difficult to
control to assure orientation which follows the molding contours*
The orientation is more controllable when B-staged preforms are used.
A polished surface is required for proper release of the molded part
from the mold. Glass contents of 70% and above can be compression
molded at high molding pressures. Molds used for production of other
plastics, especially reinforced plastics, may be used to mold glass
flake composites. Compression molded items can be prepared in an
unlimited number and variety of shapes and forms. The flow properties
of glass flakes are amenable to compression molding. The premix
flows readily and fills all parts of the mold.

Iv.3.4.2. Transfer Molding

Transfer molding is a variation of compression molding. The
major difference being that the premix is not placed directly into
the mold cavity but into a separate pot (which can be heated) outside
the mold. The premix is then forced by a ram or plunger through
channels from the external chamber to the closed mold cavity. The
premix is cured in the closed mold cavity.
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The succtss encountered with pilot plant compression molding of
comples shapes caused us to omit attempts to develop transfer molding
technique at the laboratory level. Arrangements were made to utilize
production equipment to attempt to reduce this technique to practice
without the intermediate expenditure. Trwo complex shapes were
fabricated very successfully in Phase III of this contract, and are

__________clecribed-later- in.-this--repor~t-,-

IV, 3.41-.-. Extru sion

Attempts to develop an extrusion process for glaas flake are
covered in Phase 11, Section 3 of this report.

In summary, it was determined that extr usion processing was not
suitable for glass flake premixes, using the commercial resin systems
being evaluated under this contract. Comnplete redesign of an extruder
would be required, together with the development of a specialized
resin system, before additional efforts could be made.

I~.3!l4 clne-n

Calendering was developed into a valuable processing technique
and is fully explained in Phase 11, Section 3 of this report. The
continuous molding of laminates-_uling a calenidering-conveyor system

~~l~d ~ ed 1- 4In y posntime acdrtionsai. _-The -cure tima.-
'r-U1YeU-alir g aons and the complete cure of a reinforced

plastc biner sytem would necessite~.t w1se otf ovens,, multi'-'hea
rolls-and dielectric heaters. Recognizing this, factor to be the only
limitation in expanding the calender process we developed to an
ultimate end item capability, it was deemed unnecessary to expend
the financial and manpower effort on this contract to prove our
contention,

IV.3.4.5. CentrIfugal Casting

T1hree variations of a centrifugal casting process were investi-
gated under this contract. Shapes were fabricated by rotational
molding, horizontal and vertical cylinder casting.

All three methods rely on centrifugal force, generated by the
rotational motion of a mold to orient flake, and compress the bulk
to fill all cavities with resin premix. In using these processes
particular attention must. be given to the quantity and viscosity of
the resin systems selected. In premixes having low, resein viscosities,
or small quantities of glass flakes, there is a tendency for the
reinforcing material, which has a higher density, to be cast to the
outside surface of the molded item. Thus, in these processes,
resin-rich areas appear on inside surfaces, resin starved areas on
outer surfaces.

iv. 3.*4.#5.l1.. Rotational Mo~d-irn

Limited studiea of rotational molding of glans flake resin
blonds wore made utilizing a laboratory "Roto-M-o].der" produrcd by
the morcury MIolding company, Yonkers, New York.
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Rotational molding units are used industrially for the molding
of hollow items as dolls, balls and other novelties using vinyl
plastisol compounds. A unit consists of a platform which rotates
simultaneously in two directions and is enclosed in a gas-fired oven
and fuse the molding compound while the mold(s) is rotating. In each
plane of rotation, the molds rotate in a regular and circular

___- --- direction i--bthpoe----iaue-%e-in-~6 i~Ild -or m66ldsUsedj
are filled outside of the heated rotational chamber, placed within
the chamber and rotated until the plastisol is fused. Low speeds
are used in these machines to provide an evenly distributed film
of plastisol.

A test run waa performed using a hand-kneaded premix of an
epoxy resin and glass flake. After observation that the maximum
rotational speed of the unit was only 16 rpm, a 10% glass, 90%
resin premix was prepared in order to obtain some resin-glass flow.
A 100 gram mixture was charged into a 3" diameter sphere mold and
rotated for one hour at 350 F. (16 rpm about the one axis, 4 rpm
about the other axis). After this one hour cycle, the ball mold
was removed from the oven, opened and inspected. It was obvious
from the variation in wall thickness of the sphere that very limited
resin-glass flow had taken place even with the very low glass content
premix. Wall thickness within the sphere varied from 0.005 to
0,250 inch. - -------- -

Rotational molding machines as built do not appear .auitable for
the# catA2, of flarke! glass pipe* Zxtx u1ivrM4aoigu tro Ach&a~e thii
required higher rotational speed would be necessary to cast high
glass content material, changing the use for which the machine was
designed. Rather, it has been apparent that the design and fabrica-
tion of a centrifugal casting unit imparting high rotational speeds
to cast cylindrical shapes would be required.

IV.3.4.5.2. Vertical Centrifugal Casting*

Using premixes prepared in the Abbe mixer several centrifugally
cast cylindrical sections were produced, The vertical centrifuge
is a 6" diameter, 11" deep unit with a 2-speed motor (Photograph 15).
Cylinders were always prepared at the 4800 rpm higher speed to exert
maximum a force on the flakes.

The first of two experiments utilized a premix consisting of
50% glass classified into the -8+16 mesh fraction and 50% Laminac
polyester 4128 catalyzed with 1% benzoyl peroxide and 2% Laminac
promoter 400 (room temperature cure system). The premix was
deposited into the rotating bowl and then cast for a period of
one hour until the resin had cured.

The unit exhibited drain-out from the inside diameter to the
outside diameter of the cylinder. Additionally, resin had flowed
entirely away from the premix and up the wall of the centrifuge.
The cylinder cast with the 609% glass content premix exhibited
segregation to the outside diameter of the cylinder wall due to
centrifugal action upon the resin. No resin flow away from the
premix up the centrifuge wall was observed at this glass content.
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Photograph 15

Centrifugal Casting Unit
(:;.x inch diameter bowl)
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Both cylinders wore cast vertically and, thuruiore, ao a result,
had thicker wall sections at the bottom than at the top of the
cylinder. Inside diameters were very irrogulr., as the centrifugal
force was not sufficient enough to distribute the premix evenly.
Randomness of orientation of glass flake and void entralpment was
very common as a cross section of the pipe revealed. The cylinder
cast with 60% glass is depicted in Photograph 16. The large crack

-- shown- -in -the-wall- developed -when-the- cyl-inde-r was rýlbasdd--fr-m
the centrifuge.

Since no heat source could be used to provide uniform curing
temperatures within the centrifuge chamber, a room temperature curing
epoxy resin was used for casting flake glass cylinders. The resin
system used consisted of 100 parts Jones Dabney Epi-Rez 509 or 510
and 12 parts triethylene tetramine.

one cylinder, appearing in Photograph 17 was cast with 50%
glass premix. The premix was deposited in tho bowl of the rotating
centrifuge where it redistributed itself upon the rotating wall.
An expandable mandrel was used to compress the walls further and to
produce a uniform thickness wall.

During the casting operation, resin segregation to the outside
diameter of the cylinder was noted. After one hour at room temperature
tho cylinder was, re!oased~fram the centrifuge.,- (To aid in the release
.of -.this "yle~nf~cedn e~~d~trc~l mLaig4
urethane foam approximately 3/4" thick was placed in the centrifugal
bowl, After -the--eur-i-nh and ca•ting -time, this l±nor wa3 dastroyad
and the cylinder removed.) There is obvious random orientation of
the glass flake as evidenced by the "marbled" appearance of the
cylinder. 'he appearance and strength of this cylindear is apparently
much improved over the polyester glass flake cylinders.

As a means of casting a cylinder that contained oriented glass
flake, a pre-oriented sheet of 50% glass was prepared and wound into
the centrifuge. This first attempt was unsuccessful due to the poor
self-cohesion of the premixes and in attempting to wind the poe-
oriented sheet into the centrifuge, the glass resin mix crumbled.

To eliminate the problem of sheet destruction, a preoriented
sheet was prepared and chilled with dry ice. In this manner, the
viscosity of the resin binder system was reduced to the point where
it could be self-supporting. ThiG cold sheet was then wound into
the centrifuge, and cast for a period of one hour. During the
winding of the preoriented sheet within the centrifuge, some
fracturing of the sheet was noticed. As a result, the finished
cylinder had some discontinuity lines running parallel to the axis
of the pipe where the sheet had separated. These lines are visible
in Photograph 18. Photograph 19 depicts both the oriented cylinder
and the cylinder with concentric flake orientation. Table 39 presents
a summary of casting data for the two cylinders.

It should be noted that while the oriented cylinder was cnst
without the use of an expandable mandrel, the resultant wall thic'knoe.
of the cylinder was not tapered as was the previous experienco
without the mandrel.
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Photograph IS.

A2b-

Centrifugally Cast Preoriented
Glass Flake Cylinder
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Photograph 19

OkiV

Ran~dom, and Preoriented
Glass Flake Cylinder
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XV.3.4.5.3. Conclusion

The process of centrifugal casting of pipes showed promise.
The epoxy cylinders prepared from epoxy resin premixes had superior
physical appearance than the polyester cylinders. The use of
higher rotational speeds and higher G forces was believed to be an
aid in orientation of the glass flakes in the finished cylinder.

----- The separame term--were-investiga ted-further--using-a-horizonta- ......
centrifuge.

IV.3.4.6, -Horizontal Casting

Trial runs were made with the horizontal centrifugal casting
machine utilizing a hydraulic ram feeder to extrude and orient a
ribbon of glass flake premix into the rotating casting chamber.
The trial runs demonstrated the need for a mechanical leveling
device (mandrel) to assure uniform inside diameter of cast cylinders,
The maximum speed of the unit (4000 rpm) does not eliminate this
defect. The problem was observed previously with the low speed
vertical centrifuge used earlier in the program, Continued efforts
"to produce centrifugal cast cylinders were made using simple mandrels
to overcome the non-uniformity of inside diameters, inserts to
"produce changes inrinside and outside diameter and a slotted feed
inner chamber to control feed into the centrifuge chamber.

-'-X6 ...... a mi& uniformly deposit a 1.5-2 inch layeor n the

*a-lDI -theariaontr~i-fuq&7. -Th ý CIeW cham N~ ber_ was _ztoOLrsm&U--and
on ly a out a sixth of the mold surface could be covered with a
full charge.)

%he wet, loosely oriented-(hand) compressed mix was then
centrifuged for one minute at low speeds (1000 rpm) to further
orient and compress the mass. The centrifuge was stopped and an
inner mandrel inserted, The inner mandrel used was an aluminum
sheet 11-3/4, x 48" x 12 mils.. The aluminum sheet was tightly
rolled into a coil. The action of the centrifuge caused the coil
to expand and exert fairly uniform pressure upon the glass flake
mass. The centrifuge was run to top speeds (4000 rpm) for 15-20
minutes. The speed was then reduced to 1000 rpm and maintained
until the resin B-staged (generally 20-35 minutes). The B-staged
pipe was removed from the mold and fully cured in an oven.

A weighed amount of the 50/50 dry blended phenolic glass flake
material was hand charged into the centrifuge. The centrifuge was
started and xylene (solvent) was sprayed using an insecticide gun.
The centrifuge wan operated for one hour, after all the solvent was
added, before it was stopped and glass wet-out observed. At 10%,
20%, and 50% solvent addition, based on total dry blend charged,
the mass was only wet at the surface and was, therefore, essentially
a loose dry blend. The mass was not self-supportinq or tacky to
the touch. Attempts to meter the glass resin and solvent spray
by alternate addition of parts of the total charges were slightly
more successful in producing a wet mass.
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The wet Abbe premixed glass flake sy~aen was charged and packed
into the slotted inner centrifuge chamber. The centrifuge was
operated at the maximxum speed until all the resin wet flakes had
passed through the slots in the inner centrifuge core wall, Sketch 4.
Residual wet glass flake resting between the rows of slots was then
loosened from the inner wall by scraping with a spatula. The inner
chamber was recharged and the cycle repeated until all the preemixed
r .sin-required was ad-ded.

The centrifuge was then rotated at the 4000 rpm rate until the
resin system had cured to a self-supporting state. The B-staged resin
pipe was then removed from the mold and fully cured in an oven.

v 4 , Desripti~on,.f Cen~trifual Cast Cylinders Produced

All the successfully prepared cylinde rs which have been produced
were made with wet premixed systems. The attempts to produce cylinders
using dry blended resin'systems while not successful, did indicate
that further development of this technique might yield a unique process,
Table 40 lists all the cast sections which were prepared. The
cylinders are 11-3/4" long and have an 8" O.D. and 6-1/2" I.D. and
weigh as much as 9 pounds.

Cylinder #I - The orientation of the flake in the pipe is good
-although some- areas-of lak.-d-sorientatiormnotit able (Photo-. .

~i~&h ~}P t tu-=ýf~ri-~~ yidr
with a lathe cutter were unsuccessaulv. the-l"_xIng-failed In- aeas of
disariin-titicrn.- -Mi Zoiled al-z~izmihsitii V4udu ahn idoicmlding
Mandrel surface was first tried in preparation .of this unit. Preovio:
moldings prepared without the aluminum mandrel resulted in poorly
compressed weak castings. The inner surface of the cylinder has a
pure polyester coating which cracked badly during the cure of the
cylinder, Differential shrinkage rates of the glass flake layer and
pure resin layer increased the size of the cracks to major proportions.

Cylinder #2 - The orientation of this unit is superior to
cylinder #1 (Photograph 20), The areas of disoriented flake are not
as noticeable. There is no excess resin layer present in this unit
but the inner surface does not have a smooth finish like the outer
surface (Photograph 22), One-inch rings were cut from this casting
using the lathe cutter. Compressive strength and compressive hoop
strength were determined.

Cylinder #3 - The complex shape shown in Photograph 21 was
produced by building a plaster of Paris tapered ring in the center
of the centrifuge chamber. The cast cylinder was removed from the
centrifuge chamber with the plaster of Paris ring in place. The
ring was broken to remove it from the cylinder.

Cylinder #4 - The plaster insert used to produce cylinder #3
was unsatisfactory and a metal tapered ring with flat land was
machined. The ring was placed in the back of the mold before the
charge was added to the centrifuge chamber. A one-inch strip of
aluminum (12 mils thick) was inserted into the premix by hand.
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Photograph 21

Centrifugal Cast Cylinder
Cylinder 4*2
Epoxy System
inside View
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The strip was spirail) (:oilcd az.:ound the pi.Qe cix.cuavcnting the unit
co:iiplotoly and touching both tho inner ;:mid outer surf;lces. The outer
odge of the aluminum coil can , o seen in Photograph 22. The inner
surface of the cy].inder had areas in which a pure re;in layer was
present and other areas which seemed to be reuin-starved.

Cylinder 4,5 - A complex ohape unit was produced by using the
tUpered ring to produce variation in outside dimensions and a

--r-em ovabl e--inn er--r-i-ng--to-pr oduce-dev~in ti-on- irr-in-sidle--d im n •iona - -- -- ___

The metal tapered ring was inserted and the charge added to the
centrifuge. The coilad removable inner ring was then positioned.
The aluainum inner mandrel was then inserted. The aluminum mandrel
under centrifugal pressure forced the inner ring into the cylinder.
Removal of the inner mandrel and inneir ring from the cured casting
resulted in an inner surface with an undercut with sharp sides cir-
cumvonting the casting (Photographs 23, 24).

Cylinder #6 - Cylinder 0 was produced using the technique
established in preparing cylinder #5, except for the form of the
inner mold surface. To produce a deep, small cross-section undercut
spiral groove in the inside surface, a simple-rubber tube was spirally
woune around the aluminum inner mandrel before it was inserted into
the centrifuge chamber*

Cylinder :07 - nie slotted doubie wall centrifuge (Photograph 25)
nc~y ia~ ,.toproduce.. t nt epletea~~-.lwfG-

".-om thd -Jnh'~ Axel -easp cud -

contained a resinrich t pu•e-resin inner surftace, .._-e part itself •

"liner corresponded to the rows of slotted openings in the inner cars.
The part was oriented between the knit lines but not in the knit line
interrace. The cylinder split along two of the knit lines (Photo-
graphs 26 and 27). The split is believed to have been caused by the
constrictive pressure exerted on the cylinder by the relatively large
imount of shrinkage of the inner layer of pure resin with respect to
the resin-flake mixture. Examination of the unit showed the .presence
of deformation of the part's shape due to the resin shrinkage.

We believed that the knit lines could be eliminated by causing
the inner core to rotate at a slightly lower rpm rate than the
outer (mold) shell. The difference in rpm rates should cause the
flake to be evenly distributed and deposited on the mold surface.

-'iprovement in slot design would also be expected to eliminate
orientation problems found at knit lines.

Cylinder 08 - The 70/30 flake epoxy systemn did not flow easily.
7, large portion (54%) of the batch was not used because the feed
rate was too low. The material began to exotherm and had to be
removed from the inner core before it "set up". The cast cylinder
itself was loosely oriented and uncompressed and had an uneven inner
surface with depressions running along the knit line area (Photo-
graph 28).
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Photograph 23

14

54

Cast Cylinders
Inside View
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Photograph 24
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Cast Cylinders
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Photograph 25

'.4

A

Centrifuge Accessor ies
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Photograph 26

Cast Cylinder #7
Outside View
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Photograph 27

.Jt  , A

Cast Cylinder #7 - split
Inside View
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Photograph 28

Cas Cylnde~~r : 8
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Cylindcr . . .- ,:.:tFbr ý.as used to prepare
this unit (60/40 gl,-L; to e._), * systef),T The rpin ratio of the inner
core was lower than the moi... i.:hamber rpii: rate. The rpm differential
reduced the severity of the knit lines present in the inner surface
of the molded unit, The poextioning of the knit lines was not
uniform as noticed in previously prepared units cast using the slotted
centrifuge. An uneven thickness of qla-s fla, resin _w.aueposite-

..... ........ on-t~he--d -fa-,,Thhe back end of the casting was appreciably
thicker than the forward-feed section. The outer surface was
relXtively smooth with no visible knit lines or major areas of dis-
oriented flakes. The mass is relatively dry and does not have the
olito-r resin coated appearance other specimens prepared with similar
r,•in systems and ratios have,

The reduction in inner core rpm rates was achieved by the crude
m.vchfanism of applying a drag on the freely rotating inner core. The
d, ' T was produced by applying pressure on the inner core by. pressing
an eiluminum rod on the inner surface of the core. Sketch 5 shows
the positioning of the drag rod in the assembly.

Cylinder #10 - The 60/40 resin system used was identical with
cast cylinder #9. The slotted inner core was packed with-the wet,
loose, bulky glass flake and the centrifuge turned on. The glass
flake passed from the inner, core to the mold surface with some..
-it f-ieu.dty1 &--Whe~n- al-1 -the~ iass flae Id ~ h~~r

in the mold. The charge used was small-and uneven deposition- in
-- 1 -11 j-- -wame tncouritere-d. *:nreoe alih-tW6-khlt_ linesa

worn greatly reduced and mnooth areas ware found in the inner area,
-the pipu was still poor in quality.

The results obtained from the above molding indicate a high
potential for the system which is expected to permit centrifugal
casting of complex shapes. The many drawbacks encountered are
mechanical and may be corrected by modification in design of the
slotted chamber and inrtallation of proper mechanisms for control
of r•p rates of the inner core.

Cylinder- #11 - was prepared with oriented roller calendered
sheet material. The wet 50/50 glass epoxy blend was calendered and
a sample cut to predetermined dimensions from the wet sheet. The
parting paper was then removed from the first and last 2 inches of
the weOt sheet material. The flexible wet casting was wrapped around
the expandable aluminum mandrel and inserted in the mold. The
centrifuge was rotated until the resin D-staged to a solid mass.
Thie molding was removed from the mold the next morning and was put
aside for 24 hours. After this lon ambient cure cycle, the cylinder
was placed in an oven heated to 120 F. to start the full cure cycle.
After 10 minutes at this temperature, the section collapsed.
Apparently, the temperature exceeded heat distortion point of
the resin.

•efore being placed in the oven, the cylinder was visually
eXamzi.e(d. The glass flake orientation was uniform, no flow lines,
or fauls .,.('ro' visible. The thickness of the unit was irregulnr
due to the unmeven thickncs ,of the calendeored sheet, There were
.ctr{'ia 1 ,a 1 1 tranp[•d !air bubb].e e p..e.ent in tli cylinder
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Cylinder #12 was prepared from the snme batch of calendered sheet
material used to prepare cast cylinder .ll, except that before centri-
fugal molding, the resin was permitted to B-stage overnight. The
B-stage calendered, rigid and brittle sheet was cut to the correct size
and heated in oven at 150'F. for 30 seconds to soften the sheet to a
drapable sheet. The sheet was then wrapped around the aluminum core,-...

... ..inserted-n--themo-ld-an-d ca-t. -A hot air bld-e-r was placed at the
front of the open mold and hot (150 0 F.) air was directed on the
rotating cylinder for 30 minutes. The casting was 72 hours at room
temperature; the unit was subjected to a curing schedule of 12 hours
at 100 0 F., 12 hour at 125 0 F., 12 hours at 150 0 F., 12 hours at 2000F.
and one hour at 300 0 F.

The molded cylinder hns a visible lap joint, but is free of all
visible flaws, voids and orientation defects, is uneven in thickness
due to defects in the roller orientation mechanism and has several
small air bubbles entrapped in the material.

Cylinder -13 - Two plies of roller-calondelred premix ,choet were
wrapped around the expandable aluminum mandrel. Ilhe B-staged unit
wab dostroyed during the cure cycle. The 1000F. cure temperature
e;ceoded the heat distortion, point of the B-staged resin.

---- e - B-st aged rolIer- alendered l -rpmx.

wnE obtaired free fror most visual defects.

Cylinder #15 - Wo. plies of wet rollor calender sheet were
wr,•apped around the alwtiniun mandrel. The unit was cured and encamined.

.nit lines are not visible and most laminate defects were not prusent.
Tme laminate does have one molded line present which was caused by a
fold in the parting paper.

Cylinder 016 - The slotted centrifuge inner chamber was used to
prepare this part. Knit line disorientation was reduced and now
seems to be caused by an overlap or sheat joining difficulty.

Cylinder 017 - The slotted centrifuge inner chanmbr was used to
produce this polyester based cylinder, The 55% glass content is
sufficiently low to permit formation of thin resin rich areas on the
inside of the pipe which cracked during the cure cycle. The inner
mandrel was used for this molding (Photograph 29).

Cylinder #18 - The slotted centrifuge inner chamber was used to
produce this 60% glass content cylinder. The inner expandable mandrel
was used and the rpm was reduced sufficiently to result in a reduction
of knit lines in the cylinder (Photograph 30).

IV.3.4.6.2. Conclusions

Several simple and complex shaped cylinders have been produced
using the 4000 rpm horizontal centrifugal casting apparatus and room
temperature curing epoxy and polyester wet premix systems. The
complex shaped pipes have variations in inside and outside diameters.
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Photograph 29

Cast Cylinder #7
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Photograph 30

Cast Cylinder #18
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One cylinder contains a metallic aluminum _tnsert in the form of a
spirally coiled ribbon circumfused in the matrix and touching both
inner and outer surfaces. The wet blended systems were premixed
in the Abbe mixer in 50/50, 55/45, 60/40 and 70/30 glass flake to
resin ratios.

All successful moldings were prepared fr-omwet--premix-systemso.- .....
.......Ate ts -to centrifugally cast pipe from dry blended pulverized

phenolic-glass flake mix were unsuccessful. We attempted to use
this system to produce, a cast pipe with maximum glass flake particle
size. Dry blending of glass flake results in minor particle size
degradation. Therefore, if dry blended glass resin blends could be
centrifugally cast, particle size could be maintained at a maximum,
which we believe would contribute significantly to the ultimate
strength of the laminate.,

Several laminates have been produced using a double-walled
centrifuge technique. Attempts were made to determine if an inner
centrifuge chamber which has multiple openings in the surface could
be used to meter, orient, and produce complex shapes. The simple
pipe inner core demonstrated that premixed wet resin glass flake
systems exhibited sufficient flow to permit passage from the inner
chamber to the outer moldong chamber.

..................... 3.5. Effect of-Praocsajna UpgnIGlaes 1lbeS .

V3.1.. -- ntrcdu.ctlon -- ---

Commercial glass flake is produced by blowing large diameter
tubes or bubbles having a wall thickness of 2 microns from molten
E glass tubing and then crushing the cooled and solidified film to
produce flakes. The process produces a variety of flake shapes and
sizes. The flakes have irregular notch edges, varied diameters and
a slight curvature. No attempt is made to classify commercial flake
into flake diameter ranges. Therefore, commercial flake contains a
range of materials, from a fine dust up to individual flakes 1/2 inch
in length. During the course of the glass flake study, appreciable
differences in the appearance were noted when large bulks of flakes
were viewed.

The degree and extent of variation in glass flake size
distributions in commercial glass flake were believed to be con-
tributing to difficulty in obtaining laminates having high strength.
Vae relationship between original glass flake size distribution and
glass flake breakdown during processing and molding and its eventual
effect upon laminate physical properties were studied intensively.

IV.*3.5.2. Analysis of Commercial Glass Flakes

A determination of the variation in the size distribution in
seven unopened boxes of glass flake is presented in Table 41. In
addition, size distribution of five other boxes are listed. The last
five batches were evaluated as part of other phases of the contract.
Examination of Table 41 shows major variations in commercial glass
flake size distribution do exist.
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TAiLAE -.1

Varlation in Size Distribution -of Commercial Fa)

Sample (BOX) § en Msh SizeXdentiflication L%+4 g -d 30 0+10

A* 8.7 42.1 33.5 8.7 5.8 0.6 0.3 0.3B 11.4 43,3 27.9 8.1 5.2 1.7 0.7 1.7C 65.8 12.Z 12.6 3.8 3.2 1.2 0.4 0,7D 13.5 49.1 21,6 6.8 5.0 1,8 0.7 1.58 12.7 40.9 29,2 7.7 5,8 2.1 0.5 1I'F 14.7 45.9 23.9 703 4.9 1.7 0.7 0,90 11.9 45.3 28.7 5.4 5.2 1.7 0.6 1.2

71.0 15.1 6.9 1.9 1.1' 141 0.8 2,1
- 73.6 11.5 5.1 6.0 2,9 2.0 2.03 70,7 14.6 8,5 1.8 1.3 0.5 0.4 2.14 54.2 20.4 11.0 3.4 4.6 1.7 1.7 1.35 - 52.5 23.5 14.0 7.0 3.0 trace" 0

*Boxes A-G.. on Hawd
* Material prooesse4 and data collected from previous studies.

S.. . .... • _.• •. :•_: :.. .. ... . .. ...
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All identification and markings on boxes A through a are identical,
however, no identification as to lot number was present. Therefore,
we cannot Judge if the measured differences in size distribution could
be attributed to lot variation or to other variables of manufacture,
handling, storage or transport.

BoS--C--o--indsthe highest percentage of flakes having greater

than 4 mesh size. This difference was detectable visually,

IV,3 5,3. Glass Breakdown Stu& - Abbe Mixing

From early glass flake degradation studies performed in other
phases of the contract, it was established that the larger glass flakes
disappeared rapidly during the blending operations. The preliminary
studies were performed with glass flake to resin ratios of 50/50 up
to 70/30. This study (Table 42) was performed with uncatalyzed resin
in a 60/40 resin to glass flake ratio. The high resin content was
used to reduce the excessive degradation rate experienced at higher
glass flake ratios. It was already known that as the resin content
was decreased, the degradation rate increased, Uncatalyzed resin was
used to permit ease of clean up and to prevent- resin cure during the
long mixing cycle (one hour) investigated,

__~ ~ ~ ~ ~~~~~~~~--o~-q -± rbti-goCJaacnlet. l-&Lef---as- laeit
bgtlhrj amp-ti-fn.&A -_ ----

The study was designed to determine if glass flake with similar
initial glass flake size distribution would degrade at the same rate
during processing. It was also designed to determine if a batch of
glass flakes with a higher percentage of larger original glass flakes
would effect the glass flake size distribution of the final premixed
system.

From our experience we believed that batches of glass flake
degraded at different rates ns a result of variation in internal
stress concentrations in individual glass flakes, faults, cracks,
and Jagged edges introduced through the glass flake production
technique.

Flake glass was slowly added to the resin in the Abbe mixer over
a 15 minute pericd of time. The Abbe mixer blades were rotating the
lowest speed 12/6 rpm during the glass flake addition. After all the
flake was added, the blade rpm was increased to 100/50 rpm. Ten minutes
after all the glass flake was added, a sample of premix was removed
from the ball on the slower moving blade. Additional samples were
removed from the mixer at 10 minute intervals and flake glass size
distribution of the samples was determined.

IV.3.5.3.-. Method of Determining Glass Flake Size Distribution

The glass flake distribution of all samples were determined
using the techniques outlined below:
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a. Freshly Mixed and Uncured Resin-Glass Flake Mixtures

(1) A weighed sample of the resin glass flake mixture is
dissolved in acetone.

(2) The sample is washed by decantation and filtration
until filtrate shows no cloudiness in water.

-(-3) -- The-glass-flake is-driLed-on -a-funnel -in-a n-a .ir .. .
circulation oven for one hour.

(4) The sample is cooled under suction with a water
aspirator.

(5) The glass flake recovered are weighed and the glass
flake content calculated as a percentage of the total
specimen weight.

(6) The recovered glass flake in placed on an 8 mesh
standard sieve which contains the under size series
16, 30, 50, and 100 mesh screens.

(7) The screan assembly is placed on a Ro-Tax shiaker
for 10 minutes,

(8) The glass flake on each screen and in the bottom
pan are weighed.

(9) The flake size distribution is calculated as
percentage of the total flake composition.

b, Resin Glass Flake Mixtures that- are -Partialy or .

- -- -(only partially soluble in acetonreT

(1) A weighed sample is digeited in approximately five
times the sample weight of concentrated nitric acid
or about four times the sample weight in fuming
nitric acid.

(2) The mixture is heated until the resin in the mixture
has been dissolved and only a trace of brown fumes
is given off.

_(3) The acid mixture is washed with nitric acid by
decantation and filtration until the filtrate shows
no precipitate or discoloration in water.
Notes Nitrated resins are soluble in concentrated

nitric acid.
(4) The recovered glass flake is washed with water until

free of nitric acid, (Test with pH paper.)
(5) The recovered glass flakes are washed with acetone

to remove all water and all traces of resin,
(6) The glass flakes are dried on the Buchner funnel in

an air-circulation oven for one hour.
Note: In some cases the glass flake will have a

pale yellow color. Removing the last traces
of organic nitric acid derivatives by heating
in a furnace at 1100 0F. for 3 hours did not
change the recovered glass content by more
than a few tenths of a per cent.

(7) The percentage of glass content is calculated from
the weight of the recovered glass.

(8) Steps f, g, h, and i of procedure "A" are reported.



148,

c. General Considerations

For a simple glass flake content determination, one
to five gramns of sample are required. For a screen analysis,
a minimum of 25 grams of sample is required to keep the
losses of handling below 5%.

- ___ - ---- -- -- -- -IV. 3.5.3.2.---Seapsr at-ion-Equi pment- -_________

An 18" diameter model of the Sweco Vibro-Screen Separator,
Photograph 31, was used to classify the glass flake into +8, -8,
+16, -16, +30* +50, +100, and -100 mesh fractions for particle size
studies in glass flake. This separator classified the flake effectively
without static charge inducement by causing the material to trace a
spiral path across a screening surface and into a discharge chute.
Fines fall through the screen and go through the same process until
classified. The only disadvantage being that screening rates are
very slow; feed must be restricted or it will cover the entire screen
and not be classified, This was an expected inherent problem because
of the flake volume to weight ratio.

The glass flake samples removed from the mixers and laminates
were classified on a Rotap screen sieve assembly which is a more
accurate device for laboratory investigations than the larger Sweco.
The relatively-Amal.AAmp~les-25-50 .-.gra*-we~re-placed-ý-in the--u~ppr--
-Kodrean and the ne-peme fr Tiwbf-

.. .sample contained on each individual screen was deterjlnne_&q nd glass
-.flie distributi.n+ ca!ulat1ed-.

The data in Table 42 is presented in graphic form in Figures 6,
7 and S. Examination of the data and graphs shows that the major
portion of the glass flake breakdown occurs within the first 10
minutes of mixing. It should be noted that blending times for
maximum flake wet out are on the order of 20 minutes.

The data has been arranged in Table 43 to compare the glass
flake size distribution of three blends, The data is also presented
in graphic form in Figures 9, 10, 11, 12, 13, 14 and 15. Figure 9
shows the original dissimilarity in glass flake size distribution
between Box C and Boxes B and G. It also shows how similar Boxes
B and G were originally in size distribution. The data in Figure 10
shows that after only 10 minutes of mixing, the +16 mesh and higher
glass flakes have virtually disappeared from the blend. It also
shows that glass from Box C actually degraded at a faster rate than
the glass in Boxes B and a, and further, after mixing, the amount
of large flake present was insignificant. Figure 11 shows that
after 20 minutes of mixing, all +16 mesh glass flakes had disappeared
from glass taken from Boxes B and G and that less than 1.% glass
remained on the +30 mesh screen.

Figures 12-15 show that the glass flakas breakdown does vary
from lot to lot but more importantly it shows that less than 20% of
the glass flake is retained on a +50 mesh screen. A 50 mesh screen
has openings of 0.0117 inches; the 30 mesh screen has openings of
0.0232 inches. Therefore, over eighty per cent of the glass in the
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Photograph 31

S' S n

Sweco Vibro Screen Separator
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mix is smaller than 0.0117 inches in len it1 and less than 20% is
between 0.0117-0.0232 inches in length. Physical testing of laminates
made from glass flake reduced to these sizes and bound with conven-
tional commercial resin systems are poor candidates as high strength
structural materials.

IV.3.5.3.3. Conclusions

The data indicates that major glass flake degradation occurs
during the first 10 minutes of mixing. Normally, Abbe mixing
requires 17-30 minutes to produce a uniformly wet out mass. Com-
mercial glass flake varies in flake size distribution from box to box,
and from lot to lot. Larger flakes degrade at a rapid rate during
premix preparation. The breakdown rate for each sample of glass
flake varies. Major glass flake degradation takes place within the
first 10 minutes of mixing. Mixing times of less than 10 minutes are
required if the +30 meah or larger flakes are to be present in a
premix. As an alternate to short wet mixing times, a mixing process
needs to be developed which will provide the dcgree of wet out
without flake size degradation.
I__•3.5 _4.,_Glass Brealdow.ni ý_tucd - Dr Blends"'

The objective of this study was to determine whether dr, bleDdo d
laminatas,, cat --d vith C;Ell3 lake s±ize, would qxhlibit

-ni~l 1iz-ient sizen of
ma;wih.. The dry blending mvothod was chosen- to-MI• il ass vith r=-i,

-la Elio mothod aliow-ci £or formulation of laminate premixes without
o ceess flake broý-akdown durincj mixing. Provious experience has
lcrmonstratod that the Abbe bhlndcr~ causes degradation of the glmss

duxinc the mi.x.ing cycle. al•o lorgo fl.nke sizes in particular are
subject to deterioration.

To reduce the number of laminates tested, it was postulated
that the effect on strenyth properties of the glass flake as
reinforcemnt would be independent of the resin used in the composite.
Thorafore, this study was limiLed to t;he EL-26 series as a solid
pulverized epoxy resin binder sy;.;Uem. All the laminates used in
this study were composed of 70% glass flake, 2 microns thick.
Although a 70% glass content level was chosen, lower glass contents
should show similar relationships between flake size and laminate
strengths. The resin binder system consisted of Jones Dabney
Epi nez 522 (epoxy). a solid at room temperature. For use, this
resin was pulverized and screened into the -100 mesh ..raction.
Both the pulverized resin and the pulverized hardener were dry
blended to produce a homogeneous material in preparation for the
blending with glass flake. Classification of glass flake into the
chosen particle size range was accomplished using a Sweco Vibro-Screen
separator. Five flake sizes were chosen for this study: +8 mesh,
+16 mesh, +50 mesh, and the +100 mesh flake sizes.

Glass flake was added to a Patterson-Kelley V blender and
tumbled for a period of 1/2 to one hour prior to addition of the
resin. After the 1/2 hour blending time, the glass flake had
developed a static charge. The pulverized resin and hadener system
was then added. A two-hour dry blending time was used. Previous
experience indicated that shorter blending time did not Cive a good
coating of the pulverized resin on glass flakes.
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Table 44 gives the curing parameter6 used for the preparation
of all the laminates in the series. All were prepared in a 9 x 9
box mold in the 10 x 10 Elmes compression press.

TABLE 44

-Swaryo Preof6- nng and Curing Parameters for Laminate Preparation
(Flake Size Study - Laminates EL-26-3 to -10)

P P p C C C M M M
T e p T e P T e P

170 20-30 200 300 1.5 0 300 2 750

Key a
PT = Preforming temperature, O.

-a Preforming time, seconds
p = Preforming pressure, psi

CkTW--Contact temperature, Oro'
C0 - Time in which preformed dry blend is allowed to come to

....... " .. moL4&ng tipq re at contact pressure, -suboaquaatly
referred to as contact time, minutes.

Cp Contact pressure# psi

MT " Molding temperature, 'F.

M'9 W Molding time, hours

Mp - Molding pressure on laminate, psi

Study shows that when a larger flake size is formulated into a
laminate by the dry blend process, it degrades during the molding
process into smaller flakes. The effect on strength properties is
nearly similar to the effect of smaller flake size in a laminate
made by the dry blend premix process.

In Table 45, the glass flake size found after molding is listed
together with the original flake size formulated into the premix.
It is apparent from the data that the larger flake size as formulated,
degraded more during the molding operation than the mixes formulated
with smaller flake fractions. The flake size dlstribut'.on after
molding is illustrated graphically in Figure 16.

When the premix containing all +8 mesh glass flake was molded,
all of the +8 mesh glass flakes were degraded to a smaller size.
The glass flake size analysis, after molding, revealed that only
31.3% of what had been +8 mesh glass flake was retained on the +16
mesh scr:een. As a contrast, the premix containing all 4100 mesh
glass flake degraded much less as a result of the molding operation.
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After molding of this premix, the gq.a,39 size aialysis revealed that
63.1% of the formulated flake size, +.100 mesh, was still retained
on the 100 mesh screen. Thbat is, only 36.9% of the formulated glass
size was degraded to a smaller size.

Mechanical properties of the laminates prepared in this study
are presented in Table 46. From this data, it can be seen that the
effect-of--orig mnal-f-lake-size-on--tens -e---f-exuralandcpressve
strength, is minor. he average tensile properties of the laminates
prepared using the +8 mesh flake and +16 mesh flake are slightly
higher than the average tensile properties of the laminates formulated
with the other three mesh iizes. The standard deviation of the tensile
values for the +8 and +16 mesh laminates are 1500-2700 psi. The
tensile strengths are therefore within the same range for both
laminates. Even though the original glass flake size was +8 mesh
as a dry blended premix, during molding it was broken down to a flake
size comparable to that of the +16 mesh fraction resulting in the
final molded glass flake size distribution similar to that of the
+16 mesh: premix. (Refer to Figure 16 lor distribution of glass flake
in the c-red laminates.) The three remaining fractions, the +30,
the +50 and +100 mesh fractions had slightly lower average tensile
strengths than the large flake laminates. The average for these
three samples is between one and four thousaiLd lbs. per sq. inch
below that of the laminates composed of the coarser glass flake sizes,
However. considerUg the standard deviations °r-e-lamintes ...

- X3 _.Qsi -th&Ll ata -- an- _b eensidere4 -ogf equivaa iM-4ty r~---

:-Pu IW46-idtf-thatý. tezi~ila modulur. values fol-Iawec
a similar pattern as the tensile strength values. The +8 mesh fraction
yielded a laminate having the highest tensile modulus of elasticity.
This property 4in laminates of the remaining fractions is lower with
tho exception of the +50 mesh glass size fraction. There is a general
degradation of this tensile modulus as the glass flake size decreases.
Although tensile strength does not vary greatly with flake size, it
is apparent that the modulus is affected adversely by decreasing

?lake sizes of +8, +16 and the +30 mesh yielded laminates which
have flexural strengths ranging from 32-24,000 lbs. per sq. inch. The
flexural properties of the +30 mesh glass size fraction are in the
range of 25,900 and 26,800 psi. The degradation of fle:rural strength
values with the very fine glass sizes is similar to the degradation
of properties noted for the other stress-strain properties.

The laminates prepared with the +8 mesh glass flake yielded the
highest flexural modulus of the entire series. This was a value of
5.33 million psi. The +16 and the +35 mesh laminates had flexural
moduli of 4.65 and 4.60 million psi, respectively. Flexural modulus
values for the EL 26-9 laminate were not calculated because graphs of
the load vs. elongation for these samples were too irregular to give
meaningful data. The EL 26-10 laminate composed of the +100 mesh
glass flake had the lowest flexural modulus of the series, 3.92 million
psi. As was the case in tensile properties, the +8 mesh and the +16
mesh and the +35 mesh glass fractions have given similar flexural
properties while the very fine flak3, the +100 mesh, gave the lowest
average ultimate strength values.
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The compressive strength values of the entire series showed no
general definite correlation with glass flake size. Compression
strength of resin forced plastic composites is usually a measure or
a function of the resin system used. Therefore, it was expected
that no relation of flake size to compressive strength would occur.

An alternate solid resin system was developed which was used for
a glass flake size and -mechanical- -property- study -- Th••verag- ensile
values of the laminates prepared with 70% glass (unclassified flake)
were 16,000 and 18,000 lbs. per sq. inch, as shown in Table 46. The
tensile values of the test series in question are much lower than
should be expected, because both the pulverized resin and the pulver-
ized hardener used in the formulations were stored at room temperature
for one to two weeks. Both the epoxy resins and the hardener were
hygroscopic and absorbed water at room temperature. This led to
general deterioration of strength properties. Laminates EL-26-1 and
-2 were prepared with fresh resin and hardener systems. These
laminates, in contrast, gave much higher average strength properties
as shown in Table 46. These results indicate the advantage of
pulverizing and storing both the epoxy resis system and the hardener
In a low humidity atmosphere prior to mixing.

IV.3.5.4ol. Concslusions

This study has illustrated that--theoriginal glasfla-ke- iz -....
~ A~1 od~blomin 3~~a t-es does.-n=t marks 4 t-afft -glalni-c

pa tento However, flexural -and_ tens~lomodujlus-
-Mo --- -ar -- -ere --t aini flafer size. 'Phs +8 ~T

... •6-mb ad ;+30 mesh glass flake sizes have given slightly higher
tensile and flexural strengths than the finer sizes. The +8 to +30
mesh glass flake size comprises approximately 00% of the distribution
of the random glass flake as received, and the mechanical properties
for laminates made with these fractions are similar: therefore,
molding of dry blended composites should be restricted to using only
these or larger glass flake sizes.

IV.3.5.5. The Effect of Processing Procedure on Final Glass
Content and Laminate Strength Properties

Using EL-23 epoxy based on 50% glass resin systems, (Table 47)
five laminate sheets were molded at four pressure levels. 'The object
of the study was to compare properties of Abbe premixes that-had been
preoriented and degassed of aMr inclusions to a premix that had not
been so treated. A secondary objective was to determine whether high
glass content laminates could be obtained by using molding pressure
to squeeze out excess resin.

The method consisted of calendering on the hand operated 2-roll
calender, degassing the precut, measured sheet in a vacuum oven for
one hour at 0.1 mm. Hg, placing the degassed sheet into the preheated
compression mold and curing the sheet at the required pressure and
temperature and cycle of time (Table 48).
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SUPPLEMENT TO TABLE 48

____Pr em'ix Preparation -(Eha--Z-3-Seriea)- ....

A - Formulated as 50% + 8 mash glass flake & 50% Resin
Resin Composition; Jones Dabney (Epoxy) 509 - 100 parts

Methyl Nadic Anhydride 90 parts
DMP- 10 . parts

Mixed in Abbe Mixer 5 minutes
Mixer Jacket Temperature 130-160* F.
Premix: Calendared to 0. 100 sheet

Degassed for I hr. at 0. 5 mm. Hg
Molded in 12 x 12 "Watson Stillman Press

Molding: Step I - 2 hro. 200 F. at indicated pressure
(C) Step 2 - 2 hra. 3501 F. in oven

B-ForMUlat*4-af 60_% +8 Mach -glasse ftake* & 40%_iqi#

Mixing-; Bame conditionp- as B

Premix: Stacked without orientation & degassing into preheated
10 x 10 mold

Moldings Step I - skme as A
(C) Stop 2 - same an A

*Molding Pressure - for Sheets No, 7 and $ fluctuated during cure-
Responsible for delamination within sheet.
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The relationship between molding pressure during cure and final
glass content is shown graphically in Figure 17. The position and
location from which samples were cut to determine glass flake distri-
bution within a glass flake laminate are shown in Sketch 6.

The tensile and flexural properties of the laminates are pre-
---een ted-in-Table-49i---Examinati-on- of the data-revea7s-th-e.-benft-a--i-.

increased physical properties obtained through degassing and
orientation.

Figures 18 and 19 compare the glass flake size distribution after
blending and after molding. The data shows that glass flake fines
will flow to a greater extent than larger flakes; therefore, a higher
percentage of large flakes are retained in the center of the laminate.

bata in Tables 50, 51, and 52 were obtained from a similar study
using the multiple-calender roller assembly to process the sheet.
The data indicates that laminates produced from calender oriented
sheets contain the same glass flake size distribution as the process
premix. Therefote, apparently if the preform sheet is highly oriented,
high compression molding pressures do not have the degrading effect
experienced in molding bulk premixes.

The process of orienting and degassing premixes yields laminates
Swit ner~eftetensie, nd flexural strengths and lower void contant.
Molding pressure can be raised to control final glass content, however,
final glass content attainable is a function of mold clearance. At
0.008" clearance, a 78% glass content was obtained from a 50% glass
premix. The control. over final premix composition is nonexistentl
prediction of the value was pure guesswork on the part of the operator.
Therefore, although the glass content can be increased, this is not
a suitable production method.

Flow of fine glass flke takes place from the center of the
laminate to the outer edges leaving larger flakes in the center.
Extensive crushing of non-oriented glass flake particles occurs
during the molding cycle when pressures of 1000 psi are used. The
degradation of flake is reduced by orientation of the flake.

It was data from this study which revealed the potential value
of the proposed roller-orientation process and gave incentive to
more detailed study of that phase of the program.,

iV.3.5.5.2. Effect of Roller Calendering Upon Physical Properties

The study was designed to reduce the large number of process
and raw material variables encountered (except variations in wet
flake treatment), in the preparation of laminates from oriented
(calendered) and non-oriented premixes. The effect of glass flake
content upon laminate strength and visual quality was also evaluated.
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F I G U R~ E 19

Distribution Plot of Individual Screen Analyses for Premix and
Cured CornprQ99ion Moilded Epuxy-Glass Flake Sheet (.EL-23-Z)
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The premixes were prepared in the Abbe mixer using a tightly
time controlled blending procedure. The glass flakes were added to
the preblended resin over a 10 minute period of time. The blending
was continued for exactly 20 minutes after the last flake was added.
Lowest blade speed was used during the addition period and highest
speeds during the mixing period. The blended material divided into
two portions for processing which were treated as described below.

One portion of the premix was processed through the roller-
calender assembly into oriented sheets, stored at ambient temperatures
25 hours until B-staged, cut into the correct size and weight of
preform, charged into the preheated mold cavity for a specified
length of time, and cured q•der rigid molding conditions (Table 53).
These laminates are designated ELR4 series. Two laminates 1/16" and
1/8" thick were molded for each glass flake content 50%, 60% and 70%.

The second portion of the wet, unoriented premix was preweighed,
charged directly into the preheated mold, preheated for a specific
length of time and molded under rigid molding conditions (Table 53).
These laminates are designated ELU4 series.

The physical properties of the lmninates are listed in Tables 54
and 55, together with calculated confidence limits of the data at
95% level. It can be seen that generally superior properties were

... ... obtai"d tn-_he alandered flake. S igXnificant_improvement in
_____ .~~ns.ile D~mAa ize -Ihouah.,-the- Aimpravmeuat~o-t

propertisa ware not as spectacular.

It should be noted that the calender oriented sheets used in
this study exhibited a major defect which results from warpage of
the wooden rolls in the assembly. The effect of this warpage produces
variations of sheet thickness along the calendered length. This thick
portion represents an area of lessened compression pressure on the

.premix. The wavy sheet effect is shown in Photograph 32, Use of an
improved roller calender assembly would result in elimination of this
.d•fct with ra.ii14ing s!gn4•f4eant i .nur a sn properties.

The tensile strength of the ELR4 series was apparently uneffected
by glass content, the tensile modulus of the 70% glass series was the
highest recorded for the study.

The glass flake size distribution of the specimens after mIxing,
after processing and after molding was determined using the techniques
described in Cis report. The results of this phase of the study are
of major importance. It was determined that the chemical composition
of the glass flakes used in this study differed from the previous glass
flake supplied. This glass flake dissolved (up to 50%) in nitric acid.
All data reported for the later series of experiments may be suspect
since the chemical composition of the glass may effect resin bond,
glass flake properties and glass flake laminate properties.
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Glass flake laminates were digested in nitric acid to remove
the resin binder without effecting the glass flake content in all
studied described in this report. The premix, oriented sheet and
laminates were submitted to the same digestion process to determine
the effect of processing and molding upon glass flake particle size
distribution. The results obtained are listed in Table 56 and show
that excessive loss of glass flake contents wer encoqunLere ..

Exhaustive investigation showed that the weighed quantities of
ingredients used in preparation of the premix were correct, that the
balances used to weigh the ingredients and specimens were in proper
working order. Therefore, the tests shown in Table 57 were performed.
The results reveal that the glass flake in the new batches (Boxes A
to G) was different from the older sample of flake representing
material used in early development.

As part of the early phases.of the program an anhydride
cured-epoxy laminate was produced which exhibited the highest tensile
value (21,800 psi) recorded during the entire program. Because of
the emph.-sis on process know-how, development and production of
prototype parts, this interesting lead was not investigated further
at the time. After consideration of the improvements oe strength
noted in use of calender oriented material, an attempt was made to
duplicate the earlier experiment to see if newly developed techniques

~--*~-~- -~------ w'..:uld cause-increasac of -ternaile strength.

The blend__(2ables 58 and 59) was Abbe-premixed and calendr- .
or..r, ad into -&--sheets. The sheet was cut into 9 X 9 inch-i it
rQmove from the heavy parting paper and placed betweei mylar sheet
prior to exposure to the vacuum and subsequent molding. Trimming
one inch from all the edges removed all traces of occluded air from
the laminate.

The molded units which were produced were of visually superior
quality, highly transparent and free from all visual defects such as
a•r bul4bleuochnek-or flow lines and misoriented opalescent areas.

Physical test data for these laminates are presented in Table 58.
The tensile strength did not reach the high 21,800 psi value pre-
viously reported for the system.

The low tensile values exhibited by these apparently perfect
laminates are discouraging, Only three factors could be causing
these low values. 1) Glass flake degradation may have been excessive;
because the glass is acid soluble this could not be determined.
2) The glass flake laminates have a tensile strength limit which is
in the reported range, and 3) the change in glass flake chemical com-
position has adversely offected the physical properties.

Tables 60 and 61 list the physical properties, 95% ccnfidence
limits and molding parmneters of a variety of laminate': produced in
efforts to determine a number of concepts investigated in support
of the developments described in this report.



Photograph 32

4W4

Roller Calendered Oriented Premix Sheet



186.

Table 56

Effect of Nitric Acid
-Upon Glass Flake Laminatas

Resin Glass a Rein %Glass %Resin % Glass 5Wt. W Oak. Oal. Aal. Anal. 
Wt. a

XLU 4-5 & 6 1284 g 3000 g 30 70 52.3 47.7 32.0
.ELR. 4-5 & 6 1284 z 3000 g 30 70 52.9 47.1 33.0

EL 4U4.3&4 2000g 3000S 40 60 46 54 10.0
ELR.-3 & 4 2000 g 3000S 40 60 58.9 41.1 32.0
ELU4-1 &2 200ooog 2000 5 so so 68.6 31.,4 37.0

ZLR. 3.14 2666.6g 4000 g 40 60 40,o5 59.5 0.83
ELR 3.5 2666. 6g 4000 g 40 60 39.6 60.4 0. 67
EL 23-8 133.3g 2001 40 60 40.1 59.9 0.16
EL 3.. -- 13343g- 200 1 40 60 40.6 59.4 0.10
EL 23-4 199.99g ZOO 5 s0 50 49.8 50.2 0.40
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Table 59

Oriented Anhydride Cured Epoxy System
Molding Parameters Used

Resin System 3) 509 1041g
Methyl Nadlc Anhydride 937 g
DMP-10 Z1 S

Glass Flake Box D 2000 g

Abbe Blended - roller calender oriented

Cut into 9 x 9 inch sheets

Exposed Lo vacuum
I hour 4-5 ram. Hg No weights
I hour 4-5 -Unrbmmg-

Cooled to remove pvai.ng film

Cure Parameters

Prea•ure, psi ZOO

Temperature, OF 250

Tim e, Hours 2

Cooled to 150 0 F before opening rnoJd
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Laminates ELR3-6, ELR3-9 and ELR3-12 were prepared to determine
the effect of layering plies of oriented sheets to form laminates
upon physical properties and effect recalendering has upon the
laminates.

Laminate ELR3-6 was reprocessed through the roller calender

using the same nip clearance used in the first pass through. The
-heet-size---increased and-bead buildup-on-the- feed-sidesfthor-o-4s

were noticed, indicat~ng substantial decompression had been experienced
after the first pass.-

in preparing laminate ELR3-9, the parting film was removed from
one surface of two squares of the wet sheet. The two sheets were
pressed together by hand to form a single sheet.

Laminate ELR3-12 was prepared by removing the parting paper from
both sides of two sheets of wet premix. The two sheets were molded
immediately.

Examination of the data in Table 60 shows that wet molding of
the oriented glass flake sheet material produced the strongest laminate.
Except for tensile properties, no difference between the recalendered
shoot and the hand bonded 2-ply laminate was foundi .-The recalenderod .
shoot showed some improvement in tensile proporties. -This increaseresults from, an jinc.reaseL~flake~orio tation-.-. ..... - ....--

Th L60-~40 Box A and ELGOa-40._BoR B lmnee~sa.po~o-
in an a~tt=.tt fe~ i~flk t r ~s

'" - • ;"whicn contained wide diffoence in size distribution would produce
laminates possessing different properties. Theoretically, if only
the flake size was different, classification of flake should eliminate
this variable and produce laminates with similar properties,

The blending, processing and molding of the four laminates wereperformed under, rigild controlled procedures (Table 63), The laminates

were prebared in- two thi.kneses and ulbt no vbsual diffvrn

which were readily apparent.

Examination of Table 60 shows that both laminates produced- from -
glass identified as Box A exhibited significantly higher compressive
properties than those produced from Box C, While confidence limits
were not determined, average tensile values indicate similar trends
exist.

The unclassified glass flake in Box A contained substantially
less of the large size flakes than did Box C. Therefore, we had to
conclude classification of flakes from dissimilar original lots does
not produce similar laminate properties.

The laminates in series ELR3-1, EIR3-15A and ELR3-15B (Table 60)
were prepared to evaluate the effect of vacuum blending upon physical
properties and the effect of variation in the extent of the partially
cured resin (B-stage) upcn physical properties.
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The blending, processing and molding of the laminate specimens
was rigidly controlled (Table 61). The vacuum hopper Abbe blending
process is fully described elsewhere in this report.

Examination of Table 60 shows no trends even though the average
tensile strength of the vacuum hopper blends appears to be higher.
The molding and roller-calendering processing of all three of the
-aminates was--identica-.I--Therefore -since -the glass flake -size-,-----
distribution of the final premix was the same in all cases, the
similarity in physical properties of the laminates is understandable.
The glass flake breakdown studies have shown that glass flake pre-
mixes which have been Abbe blended exhibit similar glass flake size
distribution regardless of the premix blending process used.

iV.3.5.5.2.. Conclusions

Increased physical properties are obtained when roller-calendered
sheet material is laainated. Tensile strength appeared uneffected by
glass flake content. An apparent variation in the chemical composition
was uncovered in the last order of flake purchased. These flakes
exhibit a marked solubility in concentrated nitric acid. The effect
of this chemical difference upon such important factors as resin to
glass flake bonding, untreated glass flake physical properties and
glass flake laminate properties is unknown. The result obtained with
laminates from an anhydride cured epoxy-system which. had yielded4-- .....

high~~~~ ei~*t~ie~li hand-uin%-. the -contrac t, period-_ W&2-_=--
reproduced when fabricated from a new batch of flake, -

Molding "wet" oriented sheeta produces laminates which are
stronger than layering B-stage plies or layering wet sheet and
B-staging the composite before molding. Recalendered sheet produced
laminates with properties similar to properties obtained from specimens
in which sheet was calendered only once. This indicates that use of
a calender with additional roller units could compress and orient
the flakes further to produce superior laminates.

Classification of dissimilar glass flake lots does not produce
a common base material. This information increases our belief that
each lot of glass flakes is possibly chemically and physically difforent,
will cause unpredictable process variability and may result in unfore-
seen strength variations,

Vacuum processing of resin glass mixtures increased tensile
properties of the laminates slightly. The degradation of glass flakes
during the blending process under vacuum causes a reduction of the
glass flake particle size to a level similar to that obtained when
blending occurs at atmospheric pressure,

IV.3,5.5.3, Micro Appearance of Glass Flake

In addition to determining the glass flake content, breakdown in
size distribution, effect of distribution on processing upon laminate
properties and orientation on physicals, the micro appearance of glass
flakes in laminates was determined.
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Photomicrographs were obtained on selected specimens ranging
from 50% to 80% glass flake contents. Table 62 lists the process
and molding parameters of the laminates from which the photographed
specimens were chosen.

Analysis of microphotographs

S.............. .. Photomicrographs were made of the following laminates:

EL-15-18 70% glass
EL-15-20 50% glass (20 tons molding pressure)
EL-15-21 60% glass (15 tons molding pressure)
EL-15-22 60% glass
EL-15-34 80% glass
EL-23-4 70% glass

At the 50% and 60% glass contenz (EL-15-20 and -21 of. Photo-
graphs 33 and 34) flake alignment within the composite appears quite
uniform with some instances of curved flakes. ROsin binder thickness
appears to be on the order of 8-15 microns thick. This minimum resin
binder thickness has been postulated as a key factor in tensile strength
proporties. We believe the desirable resin binder thicknesses have
resulted from the use of high pressures on the preformed sheets during

S.....curing, in Photograph 33 the transverse cross-section illustrates the
:presenc& 0f- -ar tM t''e 'anbQ7 W~i~hS~-*

~~~-r iioia 59- rubdf urij ii ng
__ ____and a-Aepazture -from -f lake partl-IezI-is_--.O suvdhate-

..... • ••#'bM--t-ved•iai- no effect on
laminate tensile proporties- ecau-se-it is still less than 20 microns.
Previous work indicates that a thickness of 20 microns and greater in
resin binder will lower strength properties.

Photograph 34 illustrates a 60% glass laminate (EL-15-21) molded
at a pressure of 15 tons. Photograph 33 illustrates a 50% glass
laminate molded at 20 tons hydraulic pressure. The laminates had
average tensile strength values of 14.1 and 14.0 respectively, Flake
spacing in the laminate produced at the lower pressure appears slightly
larger •ut still within the ranCe '"ilievod desirable.

Photograph 35 depicts the EL-15-22 lami.nate containing 60% glass.
The tensile strength of this sample was unexpectedly low, 10,800 psi.
The ml.'_rophotograph oI. this specimen contains ai possible explanation
for this result. At the center of the laminate, where the two preforms
used are bonded, there appe "s to be an area where large resin binder
thickness is significantly greater than in other pictures. At one
point, resin binder thickness is 32 microns. Orientation of the flake
throughout the remainder of the composite appears uniform and average
resin binder thickness varies from 2-12 microns. The resin binder
thickne, ' of the 60% glass sample is lower than the resin binder
thickneoe of the 50% glass laminate as would be expected from higher
glass content.
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Photograph 33
Photomicrograph (100 X) of Laminate EL-15-2O

containing 50 per cent glass

UJL: average appearance
UR: longitudinal cross section
L~I surfaece perper-ddlcular to lamination
LR: transverse cross tsection
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Photograph 34

Pho tornic ro graph (100 X) of Laminate EL-15-Z1
containing 60 per cent glass

TOP: surface perpendicular to lamination
LL: longitudinal c ross section
LR: transverse cross section



198.

- LW. I

Photograph 35

Photomhicrograph (100 X) Of Laminate EL-15-Z2
containing 60 per cent glass

UL. average appearance
UR: longitudinal cross section
LL: surfiace perpendicular to laminatioa
LR: trawtui'czac cross section
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The 70% glass laminate, EL-15-18, Photograph 36, exhibited good
flake orientation and smaller resin binder thickness approximately
1 to 4 microns. Correspondingly, the average tensile strength of
this laminate was high, 15, 300 psi, and again,. the appearance of a
resin rich bond line is revealed where the two preforms were joined.
This resin rich line is only approximately 20 microns in thickness,

.~~-*.-----T-he-80%-glass-otn-lmnt,-L-1-3,-Pa~ap-' S-rN U__ý

an even closer glass flake packing, with an average resin binder
thickness of I to 3 microns. This close flake packing would account
for the high average tensile mioduli of 9.63 million psi reported.
m~any flakes seem to have no-resin between them, indicating that resin.
coverage Is sparese, This observation coupled with the recorded low
.tonsile strength value of 13,200 psi is '.ndicz~v,. that a limii~ng
glass content is being approached where insufficient resin coverage
contributes to reduction of tensile strength-properties,

Photograph 38 shows, for comparison, a laminate containing-
70% glass prepared by the Abbe mixing method, which utilizes liquid
resin blending. This laminate, EL-23'-4,, is the same laminate that
has exhibited tensile strength found in this program, 22,900 psi
_(averags 19,600 psi). The uniform flake parallelism,, and low resin
binder thickness (1-3 microns) are obvious, The pictures in support

Z.o lake o~rientation and resin -thickness theory demonstrate the-
advanabspeia- hay pa~~ 4"-1 - #V r

flexural moduli.

Maximum resin bonder thickness should not exceed 20 microns.
Preform shoets exhibit thicker inter-sheet resin layers but generally
the thickness is below,.the 20 micron range. Compression molding
pressure adversely offecti glass flake size* Eighty per cent glass
flake content laminates exhibit micro-resin starved-areas indicating
an apprtoAch t miLimum glass loading conteint.6
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PI-Wtograph 36

Photomicragraph (100 XI of Lamina&te EL-15-18
cont,,iriinig 70 per cant glass

IlL: average appearance
* !R: longitudinal cross section

LL: surface perpendicular to lArnination
LR: transverse cross section
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Photograph 37

Phatomicrograph (100 X) of Laminate EL- 15-34
containing 80 per cent glage

UL: average appearance
UR: longitudinal cross secti-ýn
LL: surface perpendicular to lamination
LR: transverse cross section
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Phstogaraph 38l

F'hotornicrograph (106 X) of L~aminate LEL.-Z3-4
contaitiing 70 per cent glass

UIL: average appearance
UR: lonsltudinAl croms sect.ionl
LL.: surface perpendicular to larnination
LR: traflavertt. cross section
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V, Phase ! I Fabrication of Selected complex Shapes

V. 1. Introduction

After approximately a year of effort devoted to selection
of resin systems from commercially available supply, the develop-
ment of mixing methods, and the pilot studies of process capability,

........ -a-decis ion-was-made- to-begin--Phase-II-of -the-s-tudy -We o
the limitations of the systems developed to that time, but believed
it to be in the best interests of the Air Force to initiate the
investigation of the capabilities of glasa flake resin promixes in
conventional plastics production facilities. Concurrent-with this,
we continued to work additional theory ýnd leads on Phase II,

Although the contract permitted the expenditure of several
thousand dollars for dies, molds and related eipment, we felt that
sufficient aircraft and missile parts were being produced from
reinforced Olastics to permit us to negotiate with other Air Force
contractors for use of their facilities. This approach would not
only save the Air Force money, but would also present an opportunity
to evaluate glass flake resin systems in direct comparison with
standard production plastics missile hardware. We were gratified
with the acceptance anO speedy approval by thp sponsor of this
concept, and promptly began a survey of Air " ce contractors in

.... s geograph cal.a".ea-_where.oPhase III might be performed--under-

A 6141mebtrai 7tfifr ph7t;edc~tion proatot~ypo moldlin'g of
Phase III with the Plastics Division of Raytheon Manufacturing
Company in Maynard, Massachusetts, was approved by the sponsor.
The Plastics Division of Raytheon specializea in the molding of
reinforced plastics and compo-itau for the military. They have
molded radomes, nose cones and. rocket nozzles, etc. and were
equipped with the necessary molds, high pressure presses, and other
plastics fabrication equipment to fully evaluate our approaches to
Phase Il molding, Th.- following were cpesson iuldeds

I. Missile fin
2. Practi'ce nose cor,.
3. An ablative tent nose cone
4. Nose cone Insert
5. Rocket exhaust nozzle,.

A sixth and severnth configuration, the Electronic Gate and
Electronic Bridge were transfer molded. The seventh contiguration
was molded at IBM, Peekskill, New York.

Y, 2._ Msi Stabilizing Fin

V. 2.1. 50) G.as jt-ent (EDox', Resin System)

Photographs 39, 40 and 41 show the molded fin. To mold these
fins, the B-staged granulated cry opoxy premix containing 50%
glass flake was used. Using Raytheon's 7KW "Thermall" dialectric
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Photograph 39
Missile Fin50 Per cent Glaes Flake-Epoxy Laminate
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Photograph 40
Side View of Missile Fin

(showing detail of support base and fin
as molded in press)

50 per cent Glass Flake-Epoxy Laminate



206.

Photograph 41
Back.Lighted Missile Fin

50 per cent Glass Plake-Epoxy Laininatj
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'heater, we were able to dielectrically preform the molding
compound into briquettes, 3-1/4 x 3-1/4 x 3/4 inch thick, which
were subsequently preheated in the dielectric heater and molded
in the six cavity mold. A total of 10 fins was made by this
method. The first four fins were made at varying molding temper-
atures to see whether these flow lines, apparent in Photograph 41,
could be reduced by using varied mold temperatures. It seemed
apparent that the number of the flow lines could be reduced, but

-- not-completely-e-liminate-by-aiylat-ion-oloing temperature.
A range of 270-300 0F. resulted in the least number of flow lines
in the molded fin.

Excellent mold fill and mold reproducibility was exhibited
by the epoxy-glass flake system. The molding of the resin-glass
composite into the fin shape was made diificult because of flow
requirements to fill the mold, The resin must flow along a
horizontal plane and then into a vertical "T" section within the
mold. The support base of the fin is molded in this fashion.
The fins are molded in asix cavity mold in the position indicated
in Photograph 40. (The fins pictured in Photographs 39 and 40
exhibit some streaking on the surface. This is caused by an
excess of mold release, Garan 225, mixing with the premix charge.)

V. 2.2. 70% _laso Content (SEoxy Resin System)

A series CLins was also-molded containing--70* glass -flake

mo ad with 50% ilass as above. 'ho mnodeo appearance of -th fins
* -*-~-*ican~tain -70% lg& we muc im-rcv 5-aEsFrdi~

containing 50% glass flake with respect he presence of point
lines within the laminate.

In molding the 70% glass missile fina, it was discovered
that the B-staged dry premix could aiso be preformed using a 7KW
dielectric heater followed by compression into the 3-1/4 x 3-1/4
inch briquette. However,'it was also discovered that the amount
of Dreheating raqtl 'ro to enable th.. premix bAleand to be preformed
(80 seconds) advanced the cure of the resin binder system so that
during molding, the resin did not flow sufficiently to give a
translucent part.

The method used to mold the fin with the best molded appearance
was to preheat the dry premix for 10 second and then bulk load the
material into the mold.

V, 2.,3 70% Glass Co nt (Polyester Resin System)

The polyester resin based premixes which cannot be B;staged
or preformed, are charged directly into the fin mold. Molded
appearance of these fins was acceptable, however, only two of
the eight molded fins could be ejected from the mold without
breaking. Poor hot-strength of the polyester laminates was
responsible for these faluires.
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Table 63 presents the summary of preforming and molding
parameters used in the molding of the nose coneinserts and
missile fins.

The fins produced with the 50% and 70% glass-epoxy molding
compounds were cut for testing of the tensile and flexural
strengths. These properties were then compared with those of
the fin being molded by Raytheon with Minnesota Mining and
Manufacturing's fiberglass reinforced molding-compound-- -

.... - seotchply-lO0".-The comparative data presented in Table 64
indicate that bo;h the tensile and flexural strength of the
glass flake reinforced missile fin are substantially lower than
the fiberglass reinforced fin, as experienced in previous
comparisons of the two~systems. However, it should be noted that
the tensile moduli are equivalent in the molded fins. Of importance
is the gr-ater flexural modulus attainable with the 70% glass flake
reinforced fin; which is twice the flexural modulus of the fiber-
glass reinforced fin.

V. 2.4. Miscellaneous Mg243 -Fin

Pour fins were also molded from a B-staged premix containing
a phenolic resin binder, however, none of these were blister-free,
The silicone resin system was not used becauue iof the long curing
time.

ethe p2!5 md.4-a- k pr-
heated compression mold and cured an indiqated In Tabte_ 85.

Photograph 42 illustrates seven of the molded fins. Three
contain 50% glass flake - the remaining contain 70% gltsu flake,
Also, a fin containing 80F% glass flake was molded which was poor.
Resin flow during molding ,prevented complete bonding of the
support base to the verti-!ol fin section although molded appearance
of the fin section was jxc;6llent*

Phcqyraph6 43 and 44 illustrate four of the inert fills
missile fins formulated with polyester resin, glass flake, asbestos
and calcium carbonate,

V,-3 ose Cone. J~~j~

Photographs of the molded parts appear in Photographs 45,
46, 47 and 48. Photographs 45 and 46 depict the front and rear
views of the 7" diameter convex part. The mold used was a semi-
positive mold with the male cavity located in the bottom platen
and the female cavity located in the upper platen of the press.
This arrangement is used in order to mold in a special wet lay-up
and two copper inserts. (Ordinarily, with other compression molds,
the male cavity is located in the upper platen of the press and
the female cavity is locatedin the lower platen of the press.)
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Supplement to Table 63

Preforming:

P• = ie•'t"tme 'in Termal' 7KW Dielectric
heater, seconds

Preheating prior to molding,

N h preheat time in "Thermall" 7VW Dielectric
heater, seconds

Molding Parameters a

Mp - molding pressure on Pin, psi

M9 .= molding time, minutes

.Mt - molding temperatures, oF.

. ... Insext, 30_ton-NlM. Automat, "Hydrolair" Press

Fint 460 ton Brie Engine & Machine Co. Compression Press

Formulatbons: Parts

Spoxys Jones Dabney 509 75
"504 25

Shell i
"(Eutectic amine mixture)

Polyester: American Cyanamid

Larninac 4128 100
Benzoyl peroxide 2

Mixing$

1/2 hr. in Abbe mixer at 45 rpm.
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Photograph 44

Mihsile Stabilizing Fiit
70 Per Cent Glass Flake Content

30 Per Cent Polyester Resin Binder
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Photograph 45

Front View )f 50 Per Cen~t Glass Flake-Epoxy
Nose Cone Insert
(Convex Surface)
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Photoqraph 46
Rear View of 50 Per Cent Glass Flake-Epoxy

Nose Cone Insert
(Concave Surface)
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This part is lator molded into the head of a tactical
nou.e cone. The moldgd par% weighs 300-350 grains and the
production unit iD molded from a polyester-fiberglass
roinforced pramii- molding compound containing inert fillers.

The c'hay.cLeristics of the mold required that we
formulate nvlnix capable of being formed into a ball and_
__aod-upd- t-1 m"rlc-cavity--i-th-h press. D1ry molding
comnpound.'. .duid not be used.

V. 3.1. DegcrintioL og the lolding Procedure

A preweighed premix charge of 400-450 grams is formed
into a ball by hand and then placed at the apex of the male
mold. The press is then closed and curing takes place in
,accordance with the prescribed cycle. The formulations and
curing parameters for the inserts are presented in Table 66.

Mie method described previously was used to fabricate
inserts from a 50% glass-50% epoxy resin wet premix.
Parameters 'for units moldod by this technique are recorded
in Tables 63 and 66.

The alternative method used to make one piece was to
pla~everreori aned -It-otaged--sheets-of 50% gls, by___ x

mothodo although more Lroilesome with respect to han-.in . .
opar~M yie-lded tho. boz.-ý nC -threfs partu. - eplxcatlObi
of mold surface and finish appeared excellent.

V. 4. Practice Voso Cone

Dimensions of tnis molded part are 11-1/2 inch length,
11 inch outside diameter by an approximate 0.250 wall thick-
ness. The molded part weighs between in and seven pounds.

Pruduction orders for this part are fabricated from a
polyester resin binder reinforced with a chopped glass rov.ng
and modified with inert fillers. Compression molding Is per-
formed in a 460 ton press (Erie Engine and Machine Company).
A single, steam heated cavity of a hardened, chrome plate
steel is used.

These Pieces were not made to obtain physical properties,
but to show what molding conditions and techniques were
required to yield a uniform product, eliminate flow knit lines,
resin nsgregation by pressure flow, glass clumping and booking.
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Tests of this nature are all evaluated visually and no
physical tests of the pieces were mi - Nose cones must
be tested in a high temperature g~s •tream, This type of
facility is not available so such tests were not made.
Physical tests were not made on these pices since they
should be made in environmental equipment, which results
in partial destruction of these pieces. Since additional
-pieces --are-not-made -speo-if-ical-ly-for -testing-and--s ince-the--
prime purpose was to demonstrate the molding technique,
physical tests were not obtained.

"V. 4.1. Desoriotion C-the-Molding Procedure

We concluded that plasticity of the molding formulation
would be critical in the successful use of a glass flake
premix in this mold. During molding of the part, the charged
premix molding compound was forced to flow from the hemi-
spherical section of the mold in an upward p.ttern to form a
cylindrical wall. Our experience with the plasticity and
flow values of glass flake premixes indicated that 50% to
65% glas, flake content would be appropriate. The 70% glass
premix would have been too "stiff" to obtain proper :9\1-.
Prior commitments for this mold limited our program t. :he
production of five parts# One nose cone was formulated with

__a calcium carbzonate-filkor Aded to cgn-tr-l-resin--ltvhe---

The proceda ro used .for all five nose cones depicted in
Photograph 49 were similar except for curing times. The
molding conditions are tabulated in Table 67. In all cases,
the weighed premix charge, 3000 grams, was charged into the
preheated mold, After the recommended curing cycle, it was
necessary to cool the mold to room temperature. Our trials
showed that closing the press under the full pressure resultedin excess res-in f!•m- fro-, th-- part and t"'A appeance of •einri- -
starved areas in the final part. These dry areas alno produced
mold sticking and several molded parts could not be removed
without fracture, The application of a pressure of 200-250
tons to close appeared optimum for the resin formulation
used.

V. 5. Test Ablative Nose Cones

This configuration as shown in Photograph 50 consists of
a cone 3-1/2 " in diameter at the base and 3-3/4" over-all
height. This nose Lone is used to screen new plastic
composites for ablation properties. The cone is solid but
has a 1/2" diameter by 3/4" deep hole molded in the center of
the base.
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V. 5.1. Description of the Molding Procedure

The cone mold consisted of a three piece hand mold.
After each cycle the mold was removed from the press and
disassembled to recover the part.

-.... K preweighed charge of 375 grams was-used to mold each
part, Molding data is presented in Table 68,

Flow patterns similar to those found in the nose cone
and fin were evident in the finished ablative cone, Areas
of resin rich or glass rich appearance attest to difficulties
in controlling resin flow, a problem which must be resolved
by formulation modification dependent upon die and mold
design,

V. 6. Rocket Exhaust Nozzle

The rocket exhaust nozzle is a truncated cone 2-1/2"
high'with base dimensions 3-3/4" OD., 2-3/4" I.D..' (1/2"
walls), top dimensions 2-1/2" 0,D,, 1-/2" X.D. (1/2" walls),
The molded unit weigbs approximately 275-300 grams and is
molded in a match metal mold mouated in a 190 ton Eemoo

j6ýj_ glass
flake molding run was performed, Two units were fabricated
with Scotchply 1100 (Minnesota Mining & Manufacturing
Company reinforced premixed compound) the morning of the
trial runs to establish some molding parameters with a
commercial premix system,

V. -6.1, D2scription of Molding ,ZrqQeure

The female cavity is mounted on the bed of tUe Eentco
press and the male match metal portion on the movable
oompression bedi-- Wet B-staged resin-flake systems were-
molded as followst the weighed premix charge was placed
into the preheated mold cavity. The mold was closed rapidly
until in contact with the glass flake-rosin system then
closed slowly (1-5 seconds) until fully seated. Cure times
ranged frcra 5-24 minutes, the most effective range being
5-8 minutes. Molding temperatu-es ranged from 265-2950F.
Molding pressures ranged from 15-70 S.
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As noted earlier in this report, Phase I1 work was continued
during progression of Phase i11. Since good results had been
obtained with flat laminates from calendered sheet, a decision
was made to attempt to uc this material in the molding of a more
complex part.

.... B--staged or intad-( alendared)-epoxy-q lass-sheets weitt-1didas
followss the flat rigid sheets cut into rectangles 2" x 4" were
weighed and placed in a dielectric heater for 30 seconds. The
warm pliable sheets were removed from the dielectric heater and
bent to fit the female mold curvature, The mold was closed and
cured as before.

The series of rocket exhaust nozzles ware produced from glass
flake reinforced premixes based on poly)ister and epoxy resins.
Two glass flake contents, 50% and 70%, were chosen for these test
moldincs, Problems with uncontrolled resin flow yielded parts
with visible flow. check or knit lines. The parts produced in
the polyester resin based systems were of much poorer quality than
the epoxy based parts. The epoxy units exhibited only one or two
flow lines, otherwise, had generally acceptable visual quality,
Ya proccessing difficulty was experienced and excellent orientation
4nd mold contour was obtained, The individual molding parameters
are presented in Table 69. Photograph 5p__olMLtheAnozZles.

eve ....... .•iord exhaust nozzles could be molded
.� •f--a s•.akv.-,pVe-nix-- ifs•t i-'euiir-• T•,arh
z)ase tOt wire ift6rpor ted into the blend. The use of dielectrically

heated, ,reoriented, calendered, --stage hcets for compxusraion
molding ct complex curved shapes was found to be practical. Th6
two molded rocket exhaust nozzles molded fron sheet material were
(viaually) superior to the molded un1to produced with bulk rosin-
flake systems. Flow lines and disorientation are minimized in the
molded units. Ideally,the preweighed, dielectrically heated
pliable sheet should he wfanped ar-'d': .nd majla pma i q

52 is a composite photograph of nine rocket exI-.int
nozzles.

Yla_.7.7 E lecftronj1icV Gater

In Photog•rapi -5.3, elentronic gate o~ m le fabr.icz'ted by
tranafer mol~dii glass .rla; reinior-ed premiL~ls are pictured. Two
resin binder systems, (polyester and epoxy) were used in the prnpar-
ation of these Vý its, This part is uned as a plug-in type device
for a computer. Blectronle components may,, be wired directly Un the
part givinq i.t a flex.Ibillty cq-uivalenL to 3 or 4 different elec-
tronic: functionis, Commercially, diallyl phthalate is beinq usedas thL al,-Adincg material.
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A hand mold was used in fabrication of this part. The mold
was constructed of three piecest a transfer rom, and two matching
cavity plates containing the cylindrical transfer not. Fifty grams
of the premix is charged into the cylindrical ti.an-.fer pot.
Thereafter, the transfer ram, a matched cylinder, having an out-
side diameter 3-4 thousandths less than the transfer pot, is
inserted- in-th ae.trxanafer-.potaboQcethe-charged_ materi4a , _The-pr"ese-_
is closed, exerting pressure on the transfer ram and material in
the pot. The pressure "transfersa premix from the pot into the
mold containing the cavity and metallic insert. After curing is
complete, the mold is removed from the press, cooled, and dis-
assembled to remove the part.

Table 70 contains curing and formulation data for the
transfer molded gates. Photograph 53 shows six of the experi-
mentally fabricated units molded from glass flake premixes.

SV . Electronic Bridee

The success experienced in moldincy the electronic gate
assemblies led us to attempt molding a more complex electronic
part. Again, transfer molding techniques were employed, this
time using completely au!tomatic presses •iud dielectrically heated

- .. - preforms, The particular part was a 6" x 6" x 1/4" thick frame
64 aWIb* -Iffit W__

S. .. . .. .. . . . . .. . . .. L.. .. . . .. . . -.-.. .... .... . ... -'- •__ _ -___ _ _ _ -.u -- .. . .. . .. . ..

T'ýr- rart on thje l6ft- In Phbft'6~&ph 54 is--"as molded" p"Or
to rein.,vi of excess materiaal from the center of the frame. The
part on the right is the finished part, A preheated# preformed
charge is molded perpendicular to the plane of the frame. The
charge flows from the center of the mold into four large runners
which are parallel to the plane of the frame shown in Photograph
54. The charge divided into four parts by the separators, flows
through a 1/32" thIckneers nate- and forms the perimeter of thes
frame,

For thii application an inert filled glass flake premix
based on an epoxy rosin was chosen because o: flow and surface
appearance rYequir-rr-,nts. A series of B-stage preforms 1-1/2" in
diameter by 3/4" tnicknes were prepared for use in moldin% the
part. These preforms were dielectrically preheated to 250 P.
to provide required flow and shortened curing times. (A mineral
filled phenolic is being used to mold this part commercially*)

Complaints have arisen in the field because of part breakage.
The flexural strength of the glass flake molding should excee4
that of the mineral filled phenolic (11,000 psi).

Formulation data and curing parameters for this part appear
in Table 71.
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,Table 71

rormulations & Molding Variables EleCtronlc Bridge

Preheat Time, Seconds 30
Preform Temperature, oF. 250
Mold Temperature, *F. 280
Mold Clamp Prehsure, Tons 70
Transfer Pressure, psi 300-500
Mold Time, Minutes 6-15

Formulations Parts

Zones-Dabney Epi-Rez 510 75
Jones-Dabney Epi-Rex 504 25
Shell Curing Agent Z 20

F'illers t

____ .----- i _-O rb-- -a'J te '.

Clinco Blac1k Epoxy Past._

Resin Content, Wt. % 43

Note#
Molding equipmenta Stokes model 727-I' automatic

transfer molds press
Preheater - 3 1/2 kw "Thermall" dielectric preheater
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Mold reproduction of the glass flake premix filled with
"inerts" was excellent. Surface gloss was identical to the
phenolic molded parts. Delamination was noted around the
metallic inserts at the four corners of the part. This was
due to slight sticking of the part during ejection from the

------- press,-a s- a--ro sult- of--minimizing- -cur-ing-t ime s-4n-the -mold. . ..
Parts were produced at curing times of 6 and 8 minutes. Parts
cured.at 15 minutes - 1/2 hour, normal for the epoxy formulation,
should have exhibited improved quality.

The physical properties of the glass flake reinforced premix
used to mold the multi-insert electronic bridge frame were deter-
mined on a flat laminate molded at Olin. These properties are
prevented in Table 72, The flat laminate was molded in the
7" x 7" mold using the following conditiones temperature, 2500 F;
pressure, 2500 psii time, one hour* No dielectric preheating was
us.d prior to compression molding in the Watson-Stillman press,
The resin was a-staged overnight and stored in a dry ice chest
prior to molding,

V. 9. Conclusions

Phase II. of the subject contract required the fabrication

our- previouosui i-ha.I- n.Z-3

Subcontracted work of Phase I•I of the contract was completed
upon the successtul mo•ding of rocket exhaust nwzzles by the
subcontractor. The units were molded in 50% and 70% glass concen-
trations in both a polyester and epoxy based prziniv system. The
70% .ontent system produced] parts which exhibited resin starved

"The configurntion8 molded at subcontractud Pacilition
ic-c±uded. misuila stabilizer fin, practice nose cone, ablative
te-t nose cone, windshield insert, electronic gate assembly,
electronic frame and1 rocket exhaust cone.

Photographs 55 and 56 are composites of the simple and complex
shapea which have been molded under this contract. 1.abla 73 lists
all the complex shapes molded, the molding process and resin
sya:_:ns used.

The compression And transfer molding of glass flake premixes
perfoxmpd in this phase of the program hav'e exhibited excellent
moldabiliLy. The parts were not optimum since time was not taken
to optimi.:e formulatior, to -ia design and production curing cycles.
There is indicated by the results of these studies that a potential
fox glass flake premixes as a molding materlal does exist. It is
important to consider this material when parts ..tre required to have
exceptional properties as well as good strength.
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Table, 72

Properties of Resin Used In Multi-Insert

..-.. E•ltronic -Bridge----

Izod Impactp Ft. Lbs./In. Notch 0.28

Tensile Strength

a. Strength, psi x 103 8.2

b. Elongation, % .56

C. Modulus, pei x 106  1.55

Plexmral Strength

* <rm. .. . .. a.. Stz'. .g.th, p -t 0 .... ..

- .----,- b. Mou'hlue, psi x 10 9.41

Comprossion

a. Strength, psi x 104 2,64

b. Modulus, psi x 10 5 1.43
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The major drawbacks encountered in molding were excessive resin
tlow and disorienhation of flakes. Both of theso defecto can be
overcome by tailored compounding of the premix formulation. Table 74
compares the strength of various commercially available premix
materiasB. it can be seen that glass tiake premixes compare favorably
with most of the representative premix systems l isted.

__Laminates reinforced w~,th __glass f lake have been Prepared wi th-a
rityofreinsytes.The epxLei wiaeis have shown the

-highest strengths# but propertieg have not equalled target values oft

1, Compression strength 55,000 psi
2. Flexural strength 45,000 psi
3. Tensile strength 25,000 psi

Thin, flat laminates of controlled Ualke orientation prepared by
the two developed mixing methods have shown properties in the range
of target values.

In all case~s where thicker laminates of complex molded shapea
have been preparefl, using wet premixes or B-staged preforms of wet
premixes, a degraded laminate eitrength has ras4lte(.-_ Th1iis henomenon

is ue c t~-uncontrollable flow of premix materia~l within the 1d
of any complex shape. Dur~rqr flow of the premix in the mold, turbulent
fl.ow tnkcsB placae-diarupting the parallel ori~anttion of the glass
r~&ko.Wi-thout- glas:flakn 2aa-Vle - rieritati±on-t_,stretzt qoee -_"

--6ite-thlifd of- Che Yrsi -6 f.7*Xrte en9~ WOf -oriented M~teial.

These. res'..; ý-iiphe.1~ze that glass flake reinforced plastics
should not be in nrd~' rcoplacemeant fnr glass cloth or fiber
reinforced cornpodites. lThe- Wnaile and ilexural strength of flake
moldings tcstecd a-re only apprmnx1matý!v 1.1/2 of the corresponding g~aes
clotli reintorced tanasile anJ flexural. strangths.

V lass tl&ke reinforced plastics should be considered as a
prxinix mtiApli-iq x.ui ox h production or copression and transe
moldP4 parts for missile and nircraft hardwn'rp. out studies illustrate
that the premixes have excellent flow c nracteri~stics in complex mnolft,-
such as the missile stabilizing fin. As n pramix mold t ng aomnniind.,
glass flake reiaZorcedI plastics have phyhical properties which can be
favorably cottpared with characteristics of a great rnumU~r~ of premix
molding comtpounds. The physical ptoperties of a variety of~ premix
compounds that have been used or screened¶ for use in production of
compression or transfer molded missile hardwtare were listed in
Table 74. The advantage in flexural modulus galned by using glass
flake reinforced plastics should be e~oted as one of the outstanding
characteriati.-.s of glass flake reinforced composites. The tensile
modulus of glass flake composites is also higher than almost all
premix molding compounds regardless of filler type.

it should be noted that two of the glass flake moldings chosen
for Table 74 represent maximum strengthz obtainable for moldings
prepared from Abbe, c- wet mixing, premixes and for moldings prepared
from. dr, .)lended premixes.
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An discussed In the report, complex molded shapes reinforced
with glass fla)~e, Bsuch as the missile fin, do not possess the
strengths of the same material in simple flat sheets, This re-
duction~ in strength in complex shapel1 pieces.'is c'xmion with other
reinforced plastics systemis.

-77A
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MPUP.?DXX A

Vile of JInert Fillerg Combined with Glass Flake Prem~ixes

Xt hias been apparent that the glass flake laminates will
exhibit optimum physical propertiao only when the flak~es are highly
oriented and a minimum resin bindIer thickness bas been obtained.

___Parallel flake aliqnment in a molded part even Wb4
B-taged preforms are used, will be ditfficult to obtain in all but

simple flat or simple curved pieces. A substitute for the preoriented..
preforms _desirakiel to the. moldi~ng industry 'Might be a molding powder.
or premix molding vomTpoIund which could be used, to viold any -part.'
This material 'could result 1n considarabled roduction in processing
costs, In the cases where simple shapes of high strength would be
requiredi- the -process of molding preoriented sheets-would be f.asible
but at higher cost,

I*. AxperljuentaJ.

- - -Investigations were made of $tbe lie of-inert f illtrn_ with glaom
ýflak. at a--method of reducing the cost zof-the titGding-compound yet
retaining physical p ta½Tetoohr..o fillers is wideospread
t~hroughout the keinfoxzzcx4 plasticjs imdustry o r three maj or reasonsi

___-- - - - -f. - 6 -

valu. ---eAotaie foaohsets. (voeraged varliw- r peen

in Table AL). Tensile values for a. 40%. glass ciontent with fillers-

premiie containing only 40 ls.Teer~" 4 ssow tile feasi-
bility -of using.. a pigment f il-led- glass--flake mioldinig formulation for
a general purposo or premix molding ccw~pound V'here very high material
strength would not be a critical requirement; ~. heater-ducts for
aircraft, The material has a stiffness a%1vantage, in thamt its tensile
modulus is eq~aivalent to other fiber qlaos reinforced polye~tors and
epoxy 1i.mlmnatss con~taining the same or slightly higher glass content.

2, Conclusions

The use of filler a is fr~asible and produces premixed glass flake
materials s%ýita)ble for use as commercial filled resin premnixed syst ems.
'rho develoai~ent of this phase of the glass flake "art" will be as
difficult as the development of other epoxy ard polyester premnixed
systems. The number of potential inert or reinforcing fillers is
great and the effect of each one or combinations of fillers upon
physical properties will bave to be a~tcrmined if the material is
to be successfully used commercially,
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" A~PPENDIX 1

,Tough P~las~tic-Glass Flake Laminate

TMe objective of this study was to combine Olin's tough plastic
resin system with glaqs flake in an attempt to incorporate the
observed high impact strength characteristics of tough plastic
f -ormul-lation a-wi-th--high--ten aile-strengthsof_g lasas-.rein forcemsnt

1. Experimental

During the mixing of•,the highly viscous i:esin with the glass
Ilake, poor flake wet-out wis encountered. Although a 50 per cent
resin binder was used, the high viscosity of the resin system pro-"
duced a rmIxlng similar-to the mixing action oncountered when
processing a 70/30 glass fluid epoxy resin mixture. After a 20 minute
mixing time in a Ross laboratory mixer,-the glass flake appeared
alboit ubcoated. The molded 9 x 9 sheet, however, had an acceptable
appearance and tensile and impact strength value3 vTich are shown in
Table B1. The values were slightly higher than those obtained with
unfilled Tough Plastic.

Laminiftec coottaining 70 per cent glaes flak, should yiel4-Iiigber
---..... .strength and modu]&-A values -than ;an be-.realized with the 50 per cant

glass~~~~~~~~ f.ak It~urs ThRo at le l mixture laminates

__ ~~anticipated high tesiule -and Iiimpat.tsk i vle i
__ - i~th t 70~ew ent~tes-~lk- nmit*4A mnay be- worthy =-~--

of consideration as a material ofa n-itr -- recovarabiu
experimental rocket ri'•oe cones.
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APPENDIX C

Description of Mst Methods

1. Tensile Properties of Plastics

a. Scope

The test used wt-s in accordance with Federal Specification
Method LP 406 mil011 (ASTM D638-58T). This method is intended for
use in determining the couparative tensile properties of plastics
in the form of test specimens of standard shape tasted under defined
condtione,

b. Apparatus

Testing was performed on a Tinius Olsen Plastiversal machine
with a 20,000 lb. capacity, equipped with a type U-I and S-2
Tinius Olsen strain instrument and recorder,

c. Test Specimens

Test specimens for this tensile test were cut with a band saw
from the 9 x 9 or 7 x 7 inch cured laminated sheets. Originally,S. .th imnsons of the tensile strips cut from th. cured laminated

1/~wee34i" in width 4-~911 b-tot-T leniftb. 9h / -, inch- str ip*- -
were then Mýhn~ ±'IJu 0C¾-Y -iT?~A7STIM allapo uganc' -a "tnit
.... uqutp~ed with a dairnond plated ,outtAr. During earlier tensilei
testing, it was noticed that the tenuii-es triP were not -iEling
within the peascr.thrd qzugei length of the s5O3cJnen. Thereafter, the
rn.-mple width was iireased from 3/411 to I". At this timep the V" wide
sampile strip appears to he giving natlsf ,•cory results inside the
yeuge length brea'kagas.

d. Procedure

As dictated in the specification method, the rate of head travel
of the testing machine was .05 inches per minute durintj Ume exieti
tent, During the test, elongation of the tizacipla was measured v.t:h
the type. U-I Tinius Olsen strain instrument and recorder. All
specimens werei tested in the direction perpendic.ular to mo.dLnqg
pressure and parallel to flake direction.

e. Calculatlons

7he tensile strength of the sample was calc:ulated by dlixdding
the maximum or breaking load in pounds by the original minimum cross
sectional area of the specimen in square inches. The tensile elastic
modulus was calculated by producing the initial linear portion of the
stress-st-ain curve, selecting any point on the stzaight line thus
dravst, and dividing the tensile stress (nominal) represented by the
point by the corresponding strain at the same point.



2. Flexural Properties of plastics
(ASTM D790-48T) (LP 406B, tn1031)

a. scope

This mcthiod was performed in accordance with Federal Specifi-
cation LP 406B, m1031 (ASTM D790-48T). This method covers the
procedure for determining the flexural properties of r igidpi tc

b. Apparatus

The 'rTidus Olson Platiiversal machine and a Tinius Olson
PISTh4 Standard Plexural Test-jig were timed for these tests. The
type U-1 TiLnius Olson Strain Instrument was used to v.ecord the
loan deflection curve of the sample during testing,

co Procedure

- The rate of head t~ravel of the teioting'machih- M3w~. load VA41
not greater than. .05 inclies per minute during the-test. A-Tinius
Olson U-1 extensometer was uasad to measure deflection of-thve-sample-
during teuting* -All specimensa _wer_ ts&tod in_ this direction.-
perpendicular to flak~e orientatiomp i"e., nor-Mal to the--laminate
surface-,

the following formula a

S 3PL
2E;D 2

whero 9 - maxAim'mm fiber stress in pounds per square inch
P - breaking load in pounds
L - distance between support in Inches

F3-width of beam tested In inehan,
D -diepth -ut beam tested in icine-hi

e. Modulus of zXasticity

The modulus of elasticity of material testod was calculated
fromn the following formulaz

4BD3  Y

where E, modulus of elasticity in bending,
pounds per square inch

L - distance between points of support, inches
R - width of beam tested, inches
D - depth of beam tested, inches
p "a slope of initial straight line portion of

load curve, pounds per inch deflect'-on
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3, Comprcasive arcperties of Plastics

a. scope

This test was performed in accordance with Federal SpecificatIon
.GP 406b, m1021 (ASTM D695-56).

This method provides procedures for the determination of the
- a. -. mhn Ico-prope rtiea- of -- gd-p--tksw~F --- W -f-~i id

a•t relativoly low uniform rates of straining or loading,

b. Apparatua

"ThO 20,000 lb. capacity Tinius Olsen Pla.tiversal machine was
urged with a Tinius Olsoan standard ASTM comprossion testing jig.
The U3-I, separable oxtennometer, was used to measure deflection of
the sample during compreasion loading. -

0-, Test Specimens.

--For those oamplea, specimens x 1 inc•h'x the sample thickness
were -cut from the lXaminato sliest With a band saw and then finished
on tho "Tonsil-kut" machine to-assure parallelism of all edges,.
Th.ne. v.-i I x 1 indh x sample -width thicfkness samples wee. used in
a nn-i,' indard edgewise- testing procedure. nThe.-1 x I inch-- Onle: --

C(SIrevion onniplw-wouil1 not permit compression loading of the

d, Procedure

in accordancs with the test method, the cross head speed was
.05 inches per minute. Specimens were tested perpendicular to the
plan* of moldnnm rressure and parallel to flnko direction,.

0. Calzulations

The .. ....... by uv.UJ.In t•he maximum....

compressive load corried by the_.speclman during the test by----e
original cross sevtional area of the sp.cimen. Ths elastic modulus
wax calculated by drawing n tangent to the initial linear portion of
the strass-strain curve, selecting any point on the straight line,
and dividing by the compressive stress (nominal) representedby the
point by the corresponding compressive strain )epresented by the
same point.

4. Standard Deviations

The standard deviations of test resulto were calculated using
the following formula:

n-1

where d = standard deviation
x -vlue of a single obs;ervation
S= arithmetic moan of a set of observations
n number of samples tested



a. Scope

This imethod is designed f or uise ill deLaru;-ijikn- tht. cc-lativve

susce.ptibility of plastics to fracture by s~hock eii Indictudtý fly
the energy expended by a standard pen iuuwti-typc. uipau(:ý itachineu ill
breaking a standard specimien, in one blow.

A Tinium Olson Changeomatic Cantilevtir b~ajr, pendultull-typ
im~pact tester.was mood for all testing.-

c. Text Spec imens

Test specitens wero cut froin the original. 1amliAate b~y 1186 of
.a band saw. These specimens were aubsequently flinished .to a
1/2 Inch x 2 1/2 inch x sample thickness using a bolt sanlder, A
450 notch 0.10 inch, deep was cut-,into the~aarnplawi~th a ini~lliV
cUtt Th~ie ri~tch wan in' the side of the. mul-,id- bheet parallel

--------- to the dirlection of molding pressure.

d. Procedure

____- - in aeaorda,&66 t-i. -t Ih spscif led test method,' thai swuplew

_____ - __t14e izount of Inge~ntxpne is -the -fracturinl --

Th* Izod Lmpaut values are caiP -lted.-by dividijiq Lhe value
obtained fromn d. by 12. times the sarrqe width, Inches. -I~iIN vonveirtm
to a value of fto-lbs. per inch notch

6. Determination of also& content in Cured Lhmrinata

A 1-6-20 gramn aample was cut fromi the ori~jinn'I, lami nate and
pl'a ce J into a beaker Icnail~ rxmtiyU~ nal.iwin

-- nitx~lc-saold Theresin was digested for a pariod of l6;ý24Thouiri
on a *teamn 1bath. At that timep Lhe rema~iinyn nitric atcid and
nitrated rpsir~n were decantad by vrcuun through a aintored qg1im
funnel, rihe e-rŽ!d wet glttas .flakes were then rinsed with disLilled
wnter severn! tim.es. After it was apparent thed,. trp'c"es of nitric-
ac~id and Lbe nitro resin comipounda hzoi hosmr washed free of the
glass flakea, acetone was then used LU. L*-move water and reiiidual
resin. The aintered glass funriol and Uv. wut glass flakes we-ri
than dried in an oven at 2500 F. for a period of one hour. After
this drying session, the glass funnel and flakfts were we.Iwhed on

.an analytical balance. The glass c~ont~ent of the lantinate was
determ~ned by dividing the orfqina.1 sample ŽPdiLt Into finail weigrht
of the recovered glass flake. 'Mis me~thod hi-s been used for the
epoxy binder system only, 1A modification is requir(A wkitr. polyeote:.

Eresdn hinders are used. It, now apptar~s evident that. the- milicone
resin binder snytem will. have to he iinhir1 In mi mtaffl- futnarflný tor
cjlass conte~nt cintcrmination,
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7, Determination of Laminate Density

ASTV4 LP 406B, m5011

at Scope

This method in designed for use in determining the specific-
gravity of solid plastics which are unaffected by water (short
tuýrin exposure),.

b. Apparatus

An analytical balance with specific gravit7 bridge was used.

C. Teat Specimens

Specimens no larger than 1/2 inch x 1/2 inch x sample thitcknasx
were cut from the original laminate sheet and drilled for suspension
in the specific gravity bridge,

d. Procedure

The sample is woighed in air and then in distilled water atat
-230 ±lC

e. Cal-culationo -

"-*T ts~i air-weight in water

ITASLr CI

Flexural Toot Dimension as a Function of Laminate Thickness

Laminate Thickness Flexural Test DimensionsS.. . _Zno ee ...-----. _J ,ches.

.fro Lf/2 x 8 (Or 7 I 7 X 7shoee; used)
1/4 1/2 x 6 ...

3/16 1/2 x 5
1/S I x 4

Any SaWnpIfa thicker than 3/8 inch are milled down to a 3/8 inch
thic'kness before testing. An equal amount of material is takcn off
both sides of the laminate so that the 3/8 inch sample represents
the middle of the test sample.



- - .~,..q. - ~-------.-ti

-1 Tv.-us ___ __

-. .* T T 0 US 9

VIV
u ol

f-4 U
44

OD 4



254.

APENDIX D

ZqcUiTent Used in the Proqram

Equiptpent discribed in this report and used in the contractbut not shown In the text of the report is shown here inL..__. -p�-------- 
------

"I

,i

K.---. _.•
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Photogjraph DI

- I7A

.1 - 3

VnJ

C.4

9 x 9 Simple Box Molds Shown With
Floating Top Plate
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Photograph D2

Ten by Ten Inch Elmies Hand Operated
Compreasion L'rees (32 ton capacity)



PbhotoraphfD3.
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Twelv'e by TwelIve Inch Watson-Stillman
Hydraulic Compression Press (45 ton capacity)
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Photograph D6

Glass Flake Tumbler
(With a Glass Flake - R~esin Blend Inside)



Pbatograph D7-

7 xc 7 Inch Com~press ion Mold
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APPENDIX E

Listed herein are the various comnmercially ava;lable components
of resin systems screened in the program to develop economic methods
of manurdcture for glass flake reinforced plastics,

Source of ComPounds Used in Glastic

PF3 - Othylamin* complex Harshaw Chemical Co,\
Ethylene dimmine Union. Cabide Chem, Corp..-
D iethyiene trimmin
Triethylene tetramine
Tatra ethylene pentamine I,

DTS 2680
Unox 201
Unox 206
UnoK 207
Unox, 269

URLA -2255
ERIA 2256 ,
_ZZAA 0313',BLS 3021 .

iRP bO90 .: _,:_-:•. .. ...

MRZ 7541
ERLA 2772
A-100 hi3ane , .
IRRR 01001 it
1-2-6 Hexane triol
Homahydrophtahali Au)dri~d Allied Chemioal-Corp.
Pht2halic Anhy~dride I
SMaleic Anhydride
Do-eOenyl Outwanic Anhydride
Mathy-1-- Nd-jo- Anhydrid.
Meta phenylene diamine
Rpon 820 $hamll Chemical Co.

Wpon 828
spon 1031
Epon 1001
Epon 1007
8hall Z
6301 Epotuf Reichold Chemical Co.
Epi Rez 502 .Tones .)abn7Y Co.
Epi Rez 504
Epi Rez 507
Epi Rez 509
Epi Rez 510
Epi Rez 520
Epi Rez 522
Epi Rez 540 ,,
Epi Rez 560
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Epi Cuire 854

Epi. Cure 855
EP4 Cure 852
4-4 Diamino phenyl sulfone Polychernicals Labs, Inc.Paraiplex P-43 ROhni & Haas Co.
DMP-10

Dapon 35 Food Machinery & chemicaal Co.__Emeory Trimer Acid 33,62D Emery Induatrieg, Inc.Araldits 6005 Ci1ba Products Corp,MR 37CX Polyester Resin Celanese Corp.
Trimethylo3, propane
LP 3 Thiokol. chemical Corp,
am4 550
Het Anhydride okrhtia
DLtaIN n 43 Dow chemical co. R
Slticone R 5581 )'-- oppers Company-silicone R 7521 Dqql Corning Corp#
Silicone R 5061--
DC-7147 

.DC 7146.
Dicumene verovidqg -P. -__ . -N lAPe~~

___-__ -nO 1~ p r ~ d W A ac a 
- - _-i 

- f

R 14009 Fbenolie a~siaGeon 121 (Pvc) Ooodrich chemical co,
Omhmid C-288 Oi aheo hm opOmamtid T-590 intahenChmCopLaminae P'romotor:400 American Cyanamiid CopLaminae 4128 -tovibZin 1088-a Nougatuok-Chemioal Co.Vibrin 156H
Tol.iuene -di-m, iz4nw Olin rathleIM-nChum._Corp.
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